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PHYSICS OF MAGNETIC MATERIALS 


SUBSTATIONS IN RESIDENTIAL AREAS 





MICROWAVE INSTALLATIONS 


“IN EDUCATIONAL CIRCLES” 





CURRENT TRANSFORMERS from 200 to 4000 





amperes, 600 volts and below for indoor or outdoor use 


TYPE BKM 
for 1200 and 1500-ampere 
use has an opening 41,” 


high, 13/4,” wide for the pri- 


mary conductor. 


is available in 200, 400, 600 
and 800 amperes, with inter- 
mediate ratings obtainable by 
passing the primary conductor 
through the 1% x 23," open- 
ing more than once. 


TYPE BKM 
for 2000, 3000 and 4000- 
ampere application has large 
4," square opening for 
Primary conductor 


Completely Molded in Thermo-setting Resin 


Maintenance is eliminated on all Allis- 
Chalmers service-proved molded current trans- 
formers. They are molded in a thermo-setting 
resin with an inherent toughness which assures 
long life and resistance to all kinds of weather. 
The molded resin serves as insulation, support 
and casing for the transformer. 

Only secondary terminal inserts and base 
mounting inserts protrude from the molded 
body. A perfect seal is established because of 
the excellent adhering qualities of the resin. 


Tests Prove Fire Safety 


Allis-Chalmers molded current transformers 
will never be a fire hazard. Tests prove they 
will not support combustion or add to a fire’s 
intensity — an important thing to look for in 
a current transformer. 


Designed for Versatile Installation 


You can mount these transformers in any posi- 
tion. Bases of all nuts can be removed to mount 
on any convenient flat surfaces — bars, chan- 
nels, walls, etc.,with 3g” bolts. Bases of Type 
TWM units can be rotated. 

A removable short-circuiting device and seal- 
able secondary terminal cover are standard on 
all units. A conduit box can be substituted 
for the secondary terminal cover. For all units 
1500 amperes and below there is available a 
“Do-It-Yourself” conversion kit to change over 
to a 5000-volt bar-type unit. 


Get complete information. See your nearby 
A-C office or write Allis-Chalmers, 
Power Equipment Division, Mil- 
waukee 1, Wisconsin. A-4876 


ALLIS-CHALMERS 
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THE COVER: A molten metal 
charge is poured from a 3,000- 
pound induction air melting fur- 
nace. A 4-ton jib crane tilts the 
furnace while the overhead crane 
supports the ladle. 
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An important pert of Dragon Cement Company's 
modern plant at Northampton, Pa., are these 1000 
horsepower synchronous motors, driving five new 
grinding mills. This system is more than 80 per cent 
automatic in operation. 


tic, this plant specified 


OKOLITE-OKOPRENE cables 


resistant. The Okoprene sheath gives maximum 
protection from most harmful acids, oils and 
chemicals. In addition, because Okoprene’s high 
surface resistivity prevents heavy longitudinal 
drainage currents, these cables are used in many 


Since Dragon Cement Company’s new mill was 
to represent the latest developments in cement 
making techniques, process control and automa- 
tion were given the greatest consideration. This 
necessitated a reliable electrical power distribution 
system with dependable control circuits. 

After thoroughly investigating the neoprene- 
jacketed wire field, they selected Okolite-Okoprene. 
In their new mill installation, 70 miles of cable 
were used for control circuits, and 25 miles for 
power distribution—all Okolite-Okoprene. 

Dragon Cement Company is following a nation- 
wide trend of manufacturers to Okolite-Okoprene 
cables for circuits that must not fail. Okolite oil- 
base insulation, made from natural wild up-river 
Fine Para rubber, is moisture-, ozone-, and heat- 
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utility and industrial plants unshielded up to 5006 
volts. When you order cable for circuits that must 
not fail, specify Okolite-Okoprene. Write for our 
new Bulletin EG-1085 for full details. The Okonite 
Company, Passaic, N. J. 
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two of each three 
are strung on O-B 


Miles, that is! Two-thirds of the extra- 
high voltage circuit-miles in North America 
are strung on Ohio Brass Insulators. Every 
extra-high voltage project in North Amer- 
ica has chosen O-B for all or part of the 
suspension insulator requirement. This, we 
think, is excellent proof of the industry’s 
faith in the quality and performance of 
Ohio Brass products. 

Since the EHV transmission require- 
ments that call for the best insulators 
apply equally to the hardware, it is worth- 
while to point out that only Ohio Brass 
Company maintains an organization which 
designs, produces, tests, and evaluates the 
insulator-hardware combinations needed 
for EHV transmission. 





Constant use of these research facilities 
keeps O-B attuned to the needs and prob- 
lems of the electric utility industry. It 
also keeps O-B products at the quality level 
that encouraged their selection for two- 
thirds of the EHV circuit-miles in North 
America! 


OHIO BRASS COMPANY e MANSFIELD, OHIO 


hig irate. 


Deadends on 330-kv construction. Insula- 
tors, yokes, and control rings furnished by 
Ohio Brass Company. 
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CA chlin BRINGS SUBSTANTIAL SAVINGS 
to Class B’ and Class ‘H transformer makers... 


FROM THIS 
or 
TO THIS 


Class ‘’B’ 
transformer maker 
saves up to 50% 
in weight with 
Quinterra Type 5-2 ply 


FROM THIS 


TO THIS 
$5.8 


Class “H’’ 


transformer maker 
saves up to 70% 
a Ld! 
Quinterra Type 3 


. -. each using a different type Quinterra to meet his needs 


Tus two “before and after” photographs above do 
more than show what manufacturers can do when 
they employ Quinterra as layer insulation. They also 
demonstrate that the manufacturer is not limited to 
one type of this thin, flexible, purified asbestos 
insulation. Any one of several types will help him 
conserve materials, gain greater safety, raise over- 
load limits, decrease rejects, lessen production costs, 


and lengthen service life. 


For Class “B” operations, he can choose Type 
5-2 ply ... the twin-ply Quinterra treated with poly- 
vinyl acetate. It retains its dielectric strength of about 
300 VPM at temperatures above the Class “B” 
maximum of 130 C. Strongest of the Quinterras, it 
is made by combining and calendering two layers 
together into a dense, smooth-surfaced sheet. Its 
excellent tensile and bursting strengths enable 
assemblers to reach favorable production rates. 


And it also provides a large square foot per dollar 
coverage. 


For Class ‘‘H” operations or for high processing 
and ambient temperatures, the manufacturer can 
choose single-ply silicone-treated Quinterra Type 3. 
Its dielectric strength of about 300 VPM is retained 
under continuous exposure to temperatures higher 
than 180 C, the Class ‘“‘H”’ maximum. It also has 
good moisture-resistance, flexibility, and adequate 
physical strength for many applications. 

Each of these Quinterras is made of the same 
highly purified asbestos base sheet that has the 
inherent dielectric...and has a hole-free, closed 
structure. They differ only in the saturant used and 
in the number of plies. Write for Quinterra booklet 
EL-40A and samples to Johns-Manville, Box 60, 
New York 16, N. Y. In Canada, address 565 Lake- 
shore Rd, East, Port Credit, Ont. 


JOHNS MANVILLE 


M Johns-Manville ELECTRICAL INSULATIONS 


owe Ph RODUCTS 
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the most advanced 


achievement in 








fifty-seven years 


of lighting research... 


the incomparable 


PARADOME’ 


The finest semi-direct lighting unit ever 








engineered for balanced-illumination in 


CLASSROOMS, MODERN OFFICES, 
SHOPPING CENTERS, PUBLIC 
INSTITUTIONS... 


Through an altogether new idea, using 
a concave circular CONTROLENS* 
anda new Prismatic Reflector enclosed 
in a special fiber-glass (FIBERGLO*) 
cover, an extraordinary control of 
light is achieved. Maximum illumina- 
tion is directed to vital areas with the 
best visual comfort and lowest bright- 
ness. Paradome's graceful design 
conforms with all modern interiors — 


particularly today’s classrooms eg - Lighting Authorities Since 1898 


Write for complete engineering data 
on Paradome. No obligation, 


For Better Lighting . . . Be Specific . . . 


*Trademark 
HOLOPHANE COMPANY, Inc. ¢ 342 Madison Avenue, New York 17, N. Y. 
The Holophane Co . ttd., The Queensway, Toronto, Ont. 
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WHAT'S 
YOUR 
POWER? 


SILICON > SELENIUM 
2 


Sarkes Tarzian area type Silicon Recti- 
fiers are ideal for use in many military 
and commercial equipments where high Sarkes Tarzian Selenium Rectifiers will 
operating temperatures or small size are 
important factors. Sarkes Tarzian Silicon 
Rectifiers cover a complete range of rat- 
ings from 50 to 1000 volts and 500 milli- 
amperes to 25 amperes in single half 
wave units. Temperature range is from 


= So 6 to 190°C. 


meet all application requirements in 
Radio, Television, and all types of elec- 
tronic and commercial equipments. Sarkes 
Tarzian High Temperature Selenium Rec- 
tifiers are capable of operating at 150°C 
without derating. A complete range of 
ratings is available. 


Sarkes Tarzian can supply any and all your needs on 
power applications. Write for complete information. 


rkes 
arzian.. 


DEPT. E-1, 415 NORTH COLLEGE AVENUE, BLOOMINGTON, INDIANA 
In Canada: 700 Weston Rd., Toronto 9, Tel. Murray 7535 © Export: Ad Auriema, Inc. New York City 


RECTIFIER DIVISION 
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RO) AN pi sizes 


RHEOSTATS © RESISTORS © RELAYS © TAP SWITCHES *150 Volts between tops. 
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Pludsin Connections for Power Distribution 


RECEPTACLES and PLUGS 


The most complete line of 
panelboard connectors 


Plug-in connections for test or produc- 

tion equipment are safe and sure with 
SOCKET RECEPTACLE & PIN PLUG Flexlab Receptacles and Plugs. Widely 
used for over thirty years by indus- 
try, government, schools and universi- 
ties in 


a if 
@ Power Supply & Distribution Panels 


PIN RECEPTACLE & SOCKET PLUG ®@ Production Test Benches 


Sizes from 25 to 250 Ampere Capacity. Receptacle Cap ® Laboratory Test Apparatus 
in 14 colors — Plug handles in red or black. 


Sizes from 10 to 250 Ampere Capacity. Receptacle Cap 
in 14 colors — Plug handles in red or black. 


Flexlab Receptacles, Plugs and Bind- 

= ing Posts have been continuously im- 

Manne ICs pone proved in step with the rapid advances 
a = in the science of power switching and 
distribution. When designing or buying 

BINDING POSTS your next panel equipment be sure to 

specify Flexlab Receptacles, Plugs and 


Dead Front — Designed to bind spade lugs, solid or seston 
. Binding Posts. 


stranded wires. Accommodates standard banana plugs, 
and Plug Binding Post for stacking multiple connections. 


Sizes to 500 Ampere Capacity. N EW ] 9 5 6 C ATALOG 


*Flexlab is the registered trade name for custom built laboratory panels and test equip- Contains complete details for specify- 
ment made by the Standard Electric Time Company 7 fp 
ing or ordering Flexlab Receptacles 
and Plugs, Binding Posts. 


SEND FOR THIS FREE CATALOG TODAY 


The STANDARD ELECTRIC TIME CO. 


83 Logan St., Springfield 2, Mass. 


* 


[] Please send me free Receptacles & Plugs Catalog 


Company. 
Street 


[_] Please have engineer call to discuss specific requirements — no obligation. 
| kL LL CE 


4 
i 
i 
i 
i 
i 

Name.. 1 
a 
i 
| 
3 

a 

¢ 
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w jh be 


Heavy-duty relay 
in small space 





relay design: Sectional Pole Construction. 


‘ a alton 
ha * 
i : i Y ] This new CLARK Type “PM” Control Relay introduces a new concept in 


w[s|e' 
yi y In this new relay, each pole is contained in its own melamine housing, and 
Ie) any individual pole can be removed or replaced from the front without dis- 

@ turbing the others. A short circuit is confined to a single pole and will not 
destroy the whole relay. Wiring terminals are on the front, and all main- 

tenance including coil changing, pole or magnet replacement, is also from the 

Heetled gily front—without removing relay from panel. Contacts are quickly and easily 
convertible from normally open to normally closed and vice versa—from the 

front. Range of models provides relays with 2 to 12 poles. Exclusive design 

allows more contacts per square foot of panel space. In addition to the many 

advantages of SECTIONAL POLE CONSTRUCTION, you get a heavy-duty 


relay in small space. n 


For complete information write to 


he CLARK € CONTROLLER Compan 


Engineered Electrical Control U 1146 East 152nd Street . e Cleveland 10, Ohio 


IN CANADA..,CANADIAN CONTROLLERS, LIMITED @ MAIN OFFICES AND PLANT, TORONTO 
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ARE RIGHT FOR YOUR CIRCUIT APPLICATIONS 


Hughes Semiconductors offers an exten- 
sive selection of standard diode types— 
both germanium point-contact and silicon 
junction. Available too are more than two 
hundred special types. Most electronic cir- 
cuit requirements can be met by diodes 
selected from among these existing de- 
vices of standard manufacture. 

Yet, every once ina while, a requirement 
arises for a diode embodying very partic u- 
lar electrical characteristics. Different appli- 


Our field Sales Engineers will 
welcome the opportunity to discuss 


your parte ular Sem onduc tor 


requirements. For the address of the 


office nearest you, or for descriptive 


product lite rature, ple ase write: 
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cations might call for one or more specific d 
characteristics, in varying combinations: 
Recovery Time . . . Forward Conductance 

, Voltage ... Back Resistance. 

For instance, while one application re- 
quires very fast recovery together with 
high forward conductance, another circuit 
might call for high forward conductance 
at very low voltage (less than one volt), and 
with moderate to good recovery. 

With the knowledge gained from long 


Aircraft Company, Los Angeles 45, Calif. 


SEMICONDUCTORS 
HUGHES AIRCRAFT COMPANY 
PRODUCTS DIVISION 


INTERNATIONAL AIRPORT STATION 


Los Angeles 45, California 
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just the right diode 


experience and leadership in the semicon- 
ductor field, Hughes is able to modify stand- 
ard production techniques to the degree 
necessary to produce devices with just such 
a delicate balance of spec ial characteristics 

So let us know about your application 
problems. Most probably you will find 
the diode to fit your 
at Hughes. And, 
if it’s a Hughes diode, you know that it’s 


First Of All For RELIABILITY. 


requirements perfectly 


PRODUCTS DIVISION 


SEMICONDU(C 





A complete range of ratings and sizes, 
hermetically sealed with glass-to-metal 
solder-seals in corrosion-resistant cases, 
is available in numerous mounting and 
terminal styles. Write for Engineering 
Bulletin 224 on your letterhead. 


subminiature, metal-clad 


metallized 
paper 
capacitors 


Operate at temperatures to 125°C 
without voltage derating 


Withstand dielectric test of twice 
rated voltage 


Insulation resistance higher than 
any other metallized paper capacitor 


Self healing dielectric 


Here are the finest capacitors which the present state 


of the art can produce. 


In the application of stringent quality controls, Sprague 
has gone so far as to metallize its own paper... the 
only commercial manufacturer to do this. Thus Sprague 
is the only capacitor manufacturer with complete con- 
trol over the end product. And in no other type of 
capacitor does quality in manufacture play so impor- 
tant a part in performance. 


world’s largest capacitor manufacturer 


Sprague Electric Company, 
321 Marshall Street, North Adams, Massachusetts 


Export for the Americas: Sprague Electric International Ltd., North Adams, Massachusetts. CABLE: SPREXINT. 
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Current Practices in Classifying Areas 


for Electrical Installations 


M. GOLDSMITH 


FELLOW 


The Petroleum 


became interested in developing a procedure 


American Institute recently 
for determining the existence, classification, and 
extent of hazardous areas in petroleum refin- 
eries. As a result, for the first time they have 
given to industry a workable sound recom- 
mended practice for electric installations in 
hazardous areas that is not subject only to 
interpretation of the written word, but to the 
application of the problem through charts that 


give a graphic solution. 


DISCUSSION of current practices in classified areas 
should 


contribution to 


include elec - 
Per haps 


petroleum refining industry 


for electrical installations first 


trical engineering’s oil. 


the best example is in the 
where 40 years ago there were 674,840 barrels of crude oil 
per day charged to what were then called “stills,” and the 
kwhr barrel, o1 


consumption of electricity was 1 per 


674,840 kwhr were consumed daily. Today, with 6.93- 
million barrels charged to refining equipment per day and 
4.85 kwhr per barrel, the total daily consumption for the 
petroleum refining industry alone is 33.61-million kwhrs. 
the industry 


This is an increase in the use of electricity in 


of 5,000 per cent in 40 years 


DANGEROUS HAZARDS 


[HIS RAPIDLY INCREASING USE of electric power in the 


petroleum industry, as well as the relatively higher costs 
of special equipment and skilled labor, emphasize the 
need for clear understanding of the requirements for safe 
Che 


terials introduces problems that are 
Special 


economical design. presence of combustible ma- 


not encountered in 


most electric installations. precautions are re- 
quired to insure that electric installations for the petroleum 
industry do not create dangerous hazards, such as fire and 
the 


the 


and explosion 


that 


explosion. ‘This concern ovet fire 


aspects has tended to obscure fact electrical 


installations present other types of hazards of an equally 


National Electrical Conference of 
12-14, 


Industry 


Text of a conference paper presented at the AIEF 


the Petroleum Conference, Houston, Tex., September 1955, and recommende 


for publication by the AIEE Committee on Petroleum 


L. M. Goldsmith is with The Atlantic Refining Company, Inc., Philadelphia, Pa 


The author, chairman of the American Petroleum Institute (API) Subcommittee on 
Electrical Equipment, wishes to acknowledge the contributions of the API Refinery 
Subcommittee on Electrical Equipment, consisting of the following members E. J 
Nopper, Sun Oil Company; G. A. Hausske, Pure Oil Company; W. H. Dickinson, 
Esso Research and Engineering Company; J. C. Howard, Standard Oil Company of 
Indiana; R, P. Howell, Standard Oil Company of California; E. R. Hoyle, Sinclair 
Refining Company; E. W. Kleinpeter, Ethy! Corporation; T. R. Shaw, Phillips 
Petroleum Company; F. C. Somers, The Atlantic Refining Company; H. M. Stewart, 
Humble Oil and Refining Company; and K. N Mobile Oil 
Company. 


Thompson, Socony 
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Classifying Areas for Electrical Installations 


ALE 


serious nature. In the oil industry the hazards are 


1) fire and explosion; (2) electric shock; and (3) power 


failure. 


It is difficult and pointless to attempt to which is 


number one; all are serious. <A properly designed electric 


installation recognizes and protects against all hazards 


Unfortunately, no single type of electric-equipment enclo- 
sure is best in all respects. General-purpose type equip- 
ment, for instance, is adaptable to the finest in relaying and 
controls and, thus, is the best insurance 


automat against 


power failure. But when considered from the point of 


view of fire and explosion hazards, general-purpose equip- 
ment is totally inadequate. On the other hand, explosion- 


proof equipment, correctly designed and manufactured, 
best 


But 


explosionproof equipment does not have the protection 


properly installed, and carefully maintained, is the 


protection against the 


dangers of fire and explosion 
against shock provided by the safety interlocks, the isolating 
barriers, the drawout features, and the working clearances 
general-purpose General-purpose 


found in equipment. 


equipment is inexpensive, whereas explosionproof equip- 


ment is expensive. To use explosionproof equipment 


where it is not necessary is spendthrift; to use general- 
purpose equipment where it is not safe is foolhardy These 
are only a few of the advantages and limitations of each 


The full 


features of However, 


type of equipment. safest installation takes 


advantage of the best each type 


this approach is possible only if the degree and extent of the 


areas of hazard are clearly defined. 


AREA OF HAZARDS 


Ir Is ELEMENTARY that the safest thing to do would be 


the elimination of electric installations in hazardous areas 


his, of course, is not practical. The next best thing is to 


limit electric installations in hazardous areas only to those 


items that cannot reasonably be made elsewhere Chis 


can be practiced when the areas of hazard are defined 


accurately. 
[here are many practical reasons why electric in 
tions, even though the construction is fully explosionproof, 


should be held to the minimum in hazardous areas. From 


} 


personal observation of plants on an industry-wide basis, 


the ade- 


quately policing extensive electric installations in hazardous 


countless examples illustrating difficulties of 


areas can be found. Such things as explosionproof enclo- 
sures, that are in service with the cover bolts loose or missing 
or sometimes even with the cover gone altogether, are not 
unusual. Everyone is familiar with the adaptor or cheater 


that most mechanics carry to convert explosionproof 


receptacles to the ordinary garden-variety household type. 
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Chis is common during refinery unit shutdowns and in 
many cases allowed to remain after the unit gees on stream 
again. The use of such devices is widespread. In fact, 
this questionable art has developed to the point that 
cheaters with as many as three outlets on the general- 
purpose end are now in circulation. Pressure ventilated 
switch rooms have their own special brand of problems. 


Open doors and windows, inoperative blowers, and closed 


dampers are the prime offenders. Changes or additions 


to the plant that jeopardize the “‘safe’’ source of the air for 
ventilation are another headache. A close inspection of 
almost any refinery would probably uncover similar ex- 
amples. Such things point up the fact that no matter how 
carefully an installation is designed and constructed, the 
safety features are easily nullified. Therefore, the safest 
approach is to minimize electric installations in hazardous 
areas. 

It is astounding how much confusion, disagreement, and 
inconsistency have surrounded the problem of classifying 
locations as Division 7 or 2, or as nonhazardous. Equal 
chaos prevails on determining the extent of a hazardous 
area. Opinions have ranged from the “everything within 


the fence” philosophy to the 25-foot rule. Disagreement 


and inconsistency between different organizations or 


different geographic areas are at least understandable. 
Inconsistencies within the same organization resulting in 
contradiction on the same installation are beyond ex- 
planation—yet common. Everyone has seen a lineup of 
explosionproof switchgear within a few feet of a general- 
purpose switchgear assembly. Obviously one or the other 
is a misapplication. Either a lot of money was wasted on 
explosionproof switchgear or a very unsafe installation of 
general-purpose switchgear was made. Similarly, many 
have seen identical explosionproof air circuit breakers in- 
stalled side by side with one breaker equipped with conduit 
seals while the other one has no seals at all. Which one is 
correct? Was money wasted on explosionproof breakers, 
or was a hazard created by omitting the seals on the one 


) 


breake1 


START OF PROJECT 


BECAUSE OF THE IMPORTANCE of accurate and reliable 
classification of hazardous areas, both from the standpoint 
of safety and first cost of installations, and because of the 
obvious lack of any recognized sound basis for making such 
the (API) 
became interested in the problem. In API’s 
asked to 


Institute 
1951, 


was 


classifications, American Petroleum 
the 
Subcommittee on Electrical Equipment 
undertake a project intended to develop a sound basis and 
understandable procedure for determining the existence, 
classification, and extent of hazardous areas in petroleum 
refineries. ‘This work culminated early in 1955 with the 
API RP-500, 
Classification of Refinery Areas for Installation of Electrical 
that the 
contained in RP-500 will, if applied with intelligence, lead 


publication of Recommended Practice 


Equipment. It is believed recommendations 
to accurate and consistent classification of the degree and 
extent of hazards. This, in turn, will provide a reasonable 
and consistent basis for selecting the safest equipment and 
installing it in the safest location. For perhaps the first 
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time, the industry will get the maximum in safety for its 
effort and money. 

The first step in developing RP-500 consisted of a survey 
of the practices of the refining companies participating in 
API. 
indicate that a substantial majority of the industry was 
following identical practices. 


At that time, it was hoped that such a survey would 


The fact that a majority 
followed a particular practice would be taken as evidence 
of its soundness and, thus, the job could be reduced to one 
of determining and formalizing the practice of the majority. 
A second 
About 
this time, it became obvious that the only thing to do 


The first survey indicated total disagreement. 
survey was made, but the results were the same. 


would be to start from the bare fundamentals in an attempt 
to reason our way to the correct answer, of course tempering 
the reasoning with the judgment and experience of the 
members. Considered in detail 
the create a 


hazard; the sources of hazard, including types, sizes, and 


committee great were 


such things as: conditions necessary to 


flash points; and the factors affecting the extent of a 
hazardous area, such as ventilation, quantity of inflammable 
material released, air currents, density of inflammable 
material, etc. It soon became obvious that to pinpoint 
the factors entering into each installation would result in an 
unwieldy and completely unworkable solution. The sim- 
ple and straightforward solution was thought to be of ut- 
most importance. In other words, unless the recommenda- 
tions could be understood by the average electrical man 
and used with a reasonable amount of time and effort, the 
recommendations would be of little value. Accordingly, 
it was decided that a broad approach was the proper one, 
and that the recommendations should be made sufficiently 
conservative so that variations in small details would not 
alter the soundness of the solutions. 

At the outset, it should be realized that RP-500 is not a 
Also, 


it is a series of recommendations that are felt to be adequate 


legal document, merely a recommended practice. 
for typical or average cases. It is intended that sound 
judgment accompany the use of this material; where, in 
the opinion of the engineer, particular conditions are 
recommendations of 
RP-500 is not 
an attempt to rewrite or otherwise supersede the National 
Electrical Code (NEC); 
The NEC is quite specific on the type of 


better or worse than average, the 


RP-500 should be modified appropriately. 


rather it is intended to serve as a 
supplement. 
equipment to be used in hazardous areas. Once the de- 
gree and extent of hazard have been determined, there is 
little difficulty in understanding what the requirements are 
The 


existence, degree, and extent of a hazardous area. 


the 
The 


NEC has established certain criteria for making this deter- 


for equipment. real problem is determining 


mination, and RP-500 attempts to apply these criteria to 
typical oil refinery installations. 
AREAS DEFINED 


500 of 
two areas directly and a third indirectly cited. 


HAZARDOUS AREAS defined in Article the 


NEC; 


These areas are: 


are 


Division 1 Areas. The criterion for these locations is that 


they may be hazardous under normal conditions. 
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Diviston 2 


The 


that they may become hazardous only under abnormal 


Areas. criterion for these locations is 


conditions, such as the failure of a gasket, etc. 


Nonhazardous Areas. ‘These are locations that cannot be 


classified as Division 7 or 2. 
The terminology and criteria of the NEC are used in the 
definitions developed in RP-500. 

[hree conditions must be satisfied in order to have a fire 
(1) A flammable ma- 


or explosion. The conditions are: 


terial must be present; (2) the flammable material must 
be present in the proper proportions to ignite; and (3) a 
source of ignition must be present 

rhe first thing that must be done is to decide what is a 


flammable material. RP-500 proposed that materials be 


judged flammable if they meet the following conditions 


(iy Any material being handled, processed, or stored at a 
temperature above its flash point; and (2) All materials 
with a flash point less than 150 F. The basis for the first 
rule is abvious; the second rule is based on conservative 


judgment backed by the combined experience of the 
sponsors. 

Whether a flammable material can be present in proper 
This 


report assumes that if a flammable material is present, it will 


proportions to ignite leads to endless complications. 


be in a state to ignite. This assumes the worst and, thus, is 


conservative. Generally, if flammable materials are han- 


dled in an area, there is a possibility of their getting into the 


air either normally or as the result of some abnormal oc- 


currence. At this point, “abnormal’’ must be defined. 


Abnormal is here used in a limited sense; intended to cover 
those things that can go wrong short of a major catastrophe 
It is generally recognized that it is not possible to protect 
against such extremes. Thus, except for a few special 
cases which are spelled out in RP-500, any location in 
which a flammable material is handled, processed, or 
stored is hazardous. 

\s stated previously, the NEC criterion for Division 7 is 
the hazardous under normal 


whether location can be 


conditions. For Division 2 the criterion is whether the 


location can be hazardous only under abnormal conditions 
**Normal” that 


yrevails when everything is working properly. 
f ls wh ytl king yperly 


does not necessarily mean the situation 
For in- 
stance, an operation might be so sensitive to control that 
frequent operation of the relief valves occurs. This would 
be considered ‘‘normal’” and if the valves might release 
flammable material to the atmosphere, the location would 
be classed as Division 7. On the other hand, if the op- 
eration of the relief valves occurred infrequently under un- 
usual conditions, it would not be considered ‘‘normal.”’ 
Similarly, there are cases where frequent maintenance and 
repair are necessary. This would be viewed as “normal’’ 
and if flammable material might be released as a result of 
the maintenance, the location would be Division 7. How- 
ever, if repairs were not usually required between turn- 
arounds, the need to do repair work would not be con- 
sidered “‘normal.” 

The hardest part is to arrive at a basis for determining 
the extent of a hazardous area. Perhaps a good beginning 
is to start with the fact that hydrocarbons are generally 
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heavier than air. Their behavior in air is somewhat like a 
liquid in that they tend to sink to the ground, billow along 
the ground, and seek and settle in low spots. This liquid- 
like behavior leads to several conclusions: (1) In the ab- 
sence of walls, enclosures, or other barriers, and in the ab- 
sence of air currents or similar disturbing forces, it must be 
assumed that a vapor will travel equally in all directions; 
thus, if the source of hazard were a single point, the area 
covered by the vapor would be a circle; (2) The locations 
most likely to be hazardous are below grade; those at 
grade are next most likely; as the height above increases, 
the likelihood of hazard decreases; (3) Safe distances or 
clearances in the vertical direction are much less than in the 


horizontal direction. 


“TWILIGHT” ZONE 


ANOTHER concept that must be understood is that there is 
(normally 
Ob- 


an imaginary line cannot be normally 


always a “‘twilight’’ zone between a Division / 


hazardous) location and a nonhazardous location. 
viously, one side of 
and hazardous 


hazardous the opposite side never be 


There has to be a zone that could be hazardous under ab- 


normal conditions [hese conditions might be unfavor- 
able air currents, an abnormally large release of flammable 
material, etc. 

It is quite easy to acquire an exaggerated conception ol 
the extensiveness of Division / locations. The probable 
reason for this misconception is that it is very hard to re- 
frain from thinking in terms of what could happen if a 


It takes 


mental discipline to think in terms of what can happen 


major piece of equipment exploded. constant 


under normal conditions. Surely the failure of a major 


item of equipment is not a normal condition; such an oc- 
This 


does not mean the abnormal is not a consideration in the 


currence is abnormal in every sense of the word. 


over-all picture Chat is the significance of Division 
the twilight zone that always exists between a source ol 
hazard and a nonhazardous area. 

Correctly evaluated, a refinery installation in a freely 
ventilated area will be found to be a multiplicity of Division 
What 


conditions? 


releases 
Prob- 
ably most numerous of offenders is the packing gland 
RP-500 that the 


exist around packing glands, that in freely ventilated areas 


7 locations of extremely limited extent. 


flammable materials under normal 


concludes Division 7 locations may 
the extent of the hazard is so small it may be ignored 
Glands located where the free dispersion of vapors is re- 


Here 


flammable material accumulating, and the whole area of 


stricted are different. there is the chance of the 


restricted ventilation should be classified Division / 


RECOMMENDATIONS 
RP-500 are 


These recommendations have been based on 


CLEARANCES recommended in presented 
graphically. 
a careful weighing of all pertinent factors in the light of the 
available experimental data and the experience of a large 
segment of the oil refining industry. 

Figs. 1 and 2 cover refinery process areas with unre- 
where flammable materials are han- 


stricted ventilation 


dled only in closed systems. It will be seen that the ex- 
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tent of “Division 7 locations is negligible for the above- 


grade locations. All areas below grade are considered 


Division 7. The extent of Division 2 locations may be 
determined by applying the clearances given in Fig. 1 and 
Fig. 2. 

Fig. 3 applies to refinery process areas with restricted 
Note that, in this area, the entire area of 
A buffer 


surrounds the Division 


ventilation 


restricted ventilation is classified Division 7. 


area Classified Division 2 


zone OF 


Fig. 1. 
near grade 


Freely ventilated process area; source of hazard located 


Fig. 2. Freely ventilated process area; source of hazard located 


above grade 


Fig. 3. Process area with restricted ventilation; apply above 
dimensions or 10 feet beyond perimeter of building, whichever is 


greater 


Fig. 4. 
and within the shell is classified Division 1 


Tank farm; for floating roof tanks, area above tank roof 


LEGEND 
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Fig. 5. Step 1—Affirmative answer to any of the following indi- 


cates the existence of a hazard: Is the presence of flammable 
(No); 


Are any flammable liquids or vapors having flash points under 


liquids or vapors having flash points less than 70 F likely? 


200 F likely to be handled, processed, or stored at temperatures 


above their flash points? (Yes) 


7 area. Horizontal and vertical dimensions are given fot 
determining the extent of the Division 2 area. 

Fig. 4 applies to storage tanks and indicates the only 
Division 7 areas are the interior vapor space of the tank 
and the exterior area in the immediate vicinity of the vents. 
Clearances both horizontal and vertical are given for 
determining the extent of the Division 2 area which is indi- 
cated to surround the tanks. Note the warning regarding 
high filling rates or blending operations involving liquids 
with flash points of 70 F or below. 

NEC Article 5725 provides a specific classification fo 
loading racks and gives clearance distances for determining 
the classified RP-500 


9725 be dealing 


dimensions of Thus, 


Article 


the area. 


recommends used when with 
loading racks. 

RP-500 contains a 4-step procedure for classifying re- 
finery locations. ‘The steps, in the order in which they 
are taken, are for the purpose of establishing the existence 
of a potential hazard, for determining the degree of poten- 
tial hazard, for determining the extent of hazardous area, 
and for determining the NEC grouping of the atmospheric 
mixture. The first two steps consist of a series of questions; 
the third step concerns the application of Figs. 1 through 4; 
and the fourth step involves checking the flammable ma- 


terial in question against the NEC grouping 
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Fig. 6. 
ing indicates existence of Division 1 location: Is a hazard- 


Step 2—Affirmative answer to any of the follow- 


ous gas or vapor concentration likely to exist in the air 
(No); Would a 
flammable atmospheric concentration occur often because 
(No); Would a 
failure of equipment be likely to cause a simultaneous 
electrical system failure? (No); Is the area not freely 
ventilated and one in which flammable materials are 


under normal operating conditions? 


of maintenance, repairs, or leakage? 


handled in other than tight equipment or containers? 
(Yes, compressor house); 


(Yes, pump pit) 


Is the area below grade? 
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By way of illustrating the use of this procedure, con- 
sider Fig. 5, which is a typical refinery unit. The lower 
portion of the figure contains the questions making up Step 


no 


hazard must exist. 


iasmuch as the answers are affirmative, a potential 
Fig. 
? 


except the questions making up the portion of Step 2 in- 


6 is the same block plan as Fig. 5 


tended to test for Division 7 are shown. ‘This operation 


indicates that Division 7 hazards exist in the compressor- 


house and cooling-tower pump pit. These areas are 


double crosshatched to indicate Division 7. Fig. 7 covers 
the remaining operation of Step 2, which is designed to test 
>? 


for Division 2. Based on the answers to these questions, 


it is determined that the outdoor process area should be 


classified Division 2 


Note 
> 


Division 2 areas is indefinite 


> single crosshatched 
7 and 


at this stage as indicated by 


and these areas are 


accordingly. that the extent of the Division 


the irregular perimeter of the crosshatching. Step 3 is 
used to establish the extent of the classified areas, and Fig. 8 
illustrates this operation. As instructed in Step 3, the 
‘2 
with the result that the extent of the Division 2 areas is as 
indicated by 
crosshatching indicates the extent of the Division 


Note that the substation, 


clearances given in Figs. and 3 have been applied 


the single crosshatching, while the double 


7 areas. 


which is made up of general- 


purpose equipment, located outside the limits of the 


+ 


Division 2 areas, while the switch rack, which is made up 


of explosion-proof equipment, is located next to the control 


10use, which is well within a Division 2 area. Fig. 9 is a 
house, which is well wit D 2 ar I 91 


continuation for purposes of illustrating Step 4. Since 


the flammable materials in this process which might create 


hazard are hydrocarbons commonly encountered in re- 


fineries, the proper NEC atmospheric grouping is Group D. 


Thus, by these four steps, the area has been completely 


classified as to degree, extent, and group. 


CONCLUSION 


A SOUND AND PRACTICAL BASIS for accurately and con- 


classifying hazardous areas in refineries is 


RP-5O0. 


road It is 


sistently pro- 


vided However, this is by no means the end 


of the expected that RP-500 will require re- 
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Fig. 7. Step 2—Affirmative answer to any of the follow- 


ing indicates existence of Division 2 location: Is the 
location freely ventilated, and are flammable materials 
handled in closed systems (other than tight piping sys- 
tems) from which escape would be abnormal, or stored 
in other than closed containers? (Yes, except compressor 
house); Is the area next to a Division 1 area, or can 
vapor be communicated to it through trenches, ducts, 
etc.? (Yes); If positive mechanical ventilation is used, 
in event of its failure or abnormal operation, could a 
(No) 


hazardous vapor concentration build up? 
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Fig. 8. 
hazardous areas: 


Step 3—Determination of the extent of the 
The extent of a’ classified} location 
is determined by applying the recommended distances 
given in Figs. 1-4. Within an area extending 50 feet 
from all a5 0Ree the vertical extent of the Division 2 
location is 25 feet above grade or equipment whichever 
is higher; within the outer 50-foot band the vertical ex- 


tent is 2 feet above grade 


apomonon 


Pa Ya He 


tp seu 


Fig. 9. Step 4—Determination of National 


Electric Code (NEC) grouping of atmospheric mixtures: 


proper 


As only hydrocarbons commonly encountered in refine- 
ries would be present, the proper NEC 
grouping is Group D 


atmospheric 


vision periodically as experience is acquired in 


Another problem that must always be considered, 


less of how proficient one becomes in classifying 


that of making sure an installation is put in as designed 


Designs must be executed exactly, and construction super- 


visors and inspectors must be given a better understanding 


of why this is important. 
Another phase that needs attention 


ment designed for Division 2 locations, and the applications 


of presently available materials and equipment not 


now 


accepted for Division 2 installations. An example of this is 


found in wiring methods. One of the greatest hazards in 


the use of conduits is the passage of gas through the conduit 


from a hazardous to a nonhazardous area, thereby creatine 


a hazard in a supposedly safe location, and affording 


means for a flash to be transmitted to the hazardous are 


seals are used, their effectiveness 


The use of 
though not 


Even though 


questionable. mineral-insulated and 


cable, 


hazardous-area 


moured Underwriters approved 
this 


A suggested solution to these problems would be a 


wiring, would eliminate hazard 


project 
safety 


undertaken in the interest of promoting both and 


economy in electric installations. 
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Considerations of Microwave 


Installations 


R. G. McLAUGHLIN 


The principles of microwave propagation are 

explained by means of a description of the steps 

and considerations necessary in the setting up 
of a typical installation. 


ICROWAVE EQUIPMENT has won wide accept- 
ance as a reliable, economical means of relaying 
television and audio intelligence. Successful ap- 


plications include studio-to-transmitter (STL), remote pick- 


up, inter- and intra-city relay, and industrial monitors. 


















































Fig. 1. 
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Topographical map 


Microwave Installations 


When success is not achieved, it is Ustially not the équip- 


ment but the installation that is at fault. That is, the 
equipment is set up without regard for the principles of 
microwave propagation as if it provided a magic beam that 
could overcome all obstacles. 

It is sometimes possible to achieve successful operation by 
trial and error, but only with the added time and expense of 
repeated relocation. A properly planned installation 
operates effectively after the initial installation and con- 
tinues to provide reliable service. 

Successful installation presupposes some knowledge of the 
microwave 


principles of propaga 


tion. Each set-up requires a care- 
ful survey of the proposed site and 
a specific analysis of the topograph 
ical and meteorological factors in 
volved. These requirements are 
not so formidable as they sound, 
however, and it is the purpose of this 
article to present them in simple and 
practical form. ‘The approach will 
be to take a typical relay problem 


and consider all its aspects. 


\ TYPICAL INSTALLATION 


An STL 


planned, for example, from point 


INSTALLATION may be 
A to point D, as shown in Fig. 1, a 
total distance of about 60 miles over 
rugged terrain. Point B suggests 
itself as one relay point, since it has 
sufficient elevation, is readily acces- 
sible by roads, and has the necessary 
communication and 
Point C 


power and communication facilities 


facilities for 
alignment. likewise has 
and also has a 100-foot water tower 
available for lease should additional 


C’ also 


necessary 


height be required. Point 


appears to have all the 
communica 


FM 


At terminating 


requirements: power, 


tion, elevation, and an tower 


for possible lease. 
point D, the television transmitter 


Revised text of a conference paper presented at the 
AIEE Summer General Meeting, Swampscott, Mass., 
June 27-July 1, 


AIEE Committee on Television and Aural Broadcast 


1955, at a session sponsored by the 


ing Systems 


R. G. McLaughlin is with Raytheon Manufacturing 


Company, Waltham, Mass 
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tower is available to mount passive 
reflectors if additional microwave 
clearance is required. 

With these points in mind we are 
contemplating a three-hop installa 
tion: Ato B, Bto C’ or C, and C 
or C’ to D. 
each hop in turn. 

A and B, as Fig. 2 shows, 
Normally 


it would seem that if we were able to 


Let us now analyze 





First, 


are only 5 miles apart. 


view point B from A and vice versa, 
the line-of-sight requirement would 
be fulfilled. 


plot of the contour area should be 


Nevertheless, a profile 
a] GROUNE 
examined, since this is the only way 
to get an accurate picture of actual 
The 


adequacy of the existing clearance 


clearance above the terrain. 
can now be determined. (The im 
portance of adequate clearance can- 
not be fully understood without re- 
viewing the characteristics of micro- 
wave reflection.) 

Referring now to Fig. 3, 


ri, 3% 


which the energy could be 


assume 
that and Y; are points at 

THIRD 
reflected 


= FIRST FRESNEL 
SECOND FRESNEL ZONE 
FRESNEL 


BERRRs 











(QQ) FOLIAGE HEIGHT 


is E 


Contour profile chart, 4 to B 


ZONE 


ZONE 


= TIME REQUIRED FOR THE SIGNAL 


10-2, 
that the transmitted energy 
ing path X-Y-Z arrives at Z in time 
r Then: 


1. If the transmitted signal fol- 


when in transit from X and 


follow- 


lowing path X-¥,-Z arrives at point 7 in time 7 (plus the 
time necessary for the signal to travel a distance equal to 
one half its wavelength), then Y; is considered the limit of 
the first Fresnel zone. 

2. If the transmitted signal following path X-Y¥.-Z 
arrives at point Z in time T (plus the time necessary for the 
signal to travel a distance equal to one full wavelength), then 
Y» is considered the limit of the second Fresnel zone. 

3. If the transmitted signal following path X-Y3-Z 
arrives at point Z in time 7 (plus the time necessary for the 
signal to travel a distance equal to three halves its wave- 
length), then Y3 is considered the limit of the third Fresnel 


zone; etc. 


Now for very small angles of reflection, there is a 180- 
degree phase shift in the signal. Assuming that distances 
of Y-¥,, Y-Y2, and Y-Y3 are small as compared with that of 


X-Z, then: 


1. The signal reflected at the limit of the first Fresnel 
zone (X-},-Z) arrives at the receiver in phase and will tend 
to aid the directly received signal (X-¥-7). 

2. The signal reflected at the limit of the second Fresnel 
zone (X-Y»s-Z) arrives at the receiver 180 degrees out of 
phase and will tend to cancel the directly received signal 
(X-Y-Z). 

3. The signal reflected at the limit of the third Fresnel 
zone (X-Y¥3-Z) arrives at the receiver in phase and will tend 
to aid the directly received signal (X-¥-Z); etc. 
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TO TRAVEL A DISTANCE EQUAL 
TO ONE WAVELENGTH 


Fig. 3. Fresnel zones for microwave systems 


A plot of the loss or gain of the received signal strength as 
regards Fresnel zone is shown in Fig. 4, which appeared in 
Telephony, September 12, 1953, courtesy of R. D. Campbell 


of The American Telephone and Telegraph Company It 


is easily seen that the condition between 0.5 and 1.5 of the 


first Fresnel zone is desirable. 


At this point, due consideration must be given both to 


adequate clearance and to tower costs. A reasonable com- 
| 


promise between these two considerations is that of 6/10 first 
Fresnel zone radius clearance of all obstructions 


There is a point where the 6/10 Fresnel zone is not 


predominant clearance factor. Beyond this 


point, 


amount of clearance required for atmospheric bending 


of microwave rays must be taken into consideration This 


will be explained further in the discussion of the second 


hop 


TOPOGRAPHICAL CONSIDERATIONS 


[TREE AND HEIGHTS are not usually shown on 


BUILDING 
topographic maps and must be determined by personal 
reconnaissance of the area in question. Reconnaissance for 


this first hop shows a thick growth of 30-foot trees, as 


sketched in Fig. 2, and the profile indicates an adequate 
clearance of 30 feet at the midpoint, provided the receiver 
is elevated at point B to a height of 30 feet above the ground. 
for 10 


adequate additional clearance of 20 feet. 


feet of tree growth plus 


Over 


This elevation will allow 
virgin 
There- 


forests no allowance need be made for growth. 
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From Fig. 5, a profile chart of 
the area between points B and 





C, it is evident that the exist- 
ing towers are not quite high 
enough togive adequate clear- 


rn ance. 
de : 


as shown in Fig. 6, shows that 





A survey of path B-C’, 
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| 

| this path is more favorable 
as to clearance but introduces 
another problem—the severe 


+ 


and unpredictable fading that 


may occur in overwater hops 
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Fig. 4. 


fore, the first hop will be satisfactory with the microwave 
transmitter situated on the studio roof at point A and the 
receiver at a height of 30 feet at point B. 

There are two possibilities for the relay points C and C’. 
Both appear to have the necessary power, tower, and com- 
munications requirements. Each must be analyzed like 


the first path to obtain its propagation characteristics. 


Fig. 5. Contour profile chart, B to ( 
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Fig. 6. Contour profile chart, B to C’ 
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Effect of clearance on radio transmission 


a rs be due to any of the following 


Causes 
1. Reflections, as was pointed 
out in the discussion of Fresnel 
zone clearance. 
2. <Alicrowave bending, resulting from the difference in 
Normally 


the dielectric constant of the air increases as the earth is 


the dielectric constant of the atmosphere. 
approached, causing a bending that tends to follow the 
curvature of the earth, as shown in Fig. 7-1. This bending 
resultsin over-the-horizon transmission, the distance spanned 
being approximately the same as that of a direct (unbent) 

microwave path plotted on a 4/3 

earth radius profile chart. Some- 
times, however, this change in di- 
elevation is 
than that the 


beam is bent more sharply toward 


electric constant with 


greater normal so 


the earth, and in such cases, re- 


7-2) are 


possible. At other times, meteorolog- 


flections (as shown in Fig. 


ical conditions existing over various 
stretches of earth and more of ten 
over water are such that the normal 
dielectric constant distribution in the 
atmosphere is inverted so that the 
beam is bent upward (away from 
the earth), as shown in Fig. 7-3. 
In this sketch, transmitted ray A 
(which normally would follow the 
straight path shown by the dotted 
line B) is being bent upward so as 
to miss the intended receiver point. 
Transmitted ray C (which normally 
would follow the dotted line D) is also 
bent and would follow path C if 
sufficient 
To ensure proper clear- 


there were topographic 
clearance. 


ance for upward bending in most 








cases, we should use transmitter and 
receiver heights which will accom- 
clearance 








modate grazing when 
plotted on 2/3 earth radius profile 


paper (Fig. 8). 
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3. Ducting, a peculiar phenomenon that results when 
there is no solar heating, no turbulence and, therefore, air 
stratification. Each separate layer of air maintains its 
specific moisture content and density characteristics, and a 
sandwiched layer (if the dielectric constant differential 
between it and those juxtaposed is great enough) will tend 
to capture the microwave signal and conduct it on a false 
path so as to miss the receiving antenna. 

DIVERSITY TECHNIQUES 

FADING resulting from ducting, bending, and multipath 
reflection effects can be overcome by employing space or 
frequency diversity techniques. 

For space diversity, two receivers are so spaced that the 
first will receive the reflected or bent ray at a 180-degree 
phase lead with respect to the second. Thus, when the 
net received signal of the first receiver is at a minimum, 
the net received signal of the second is at a maximum. 
Consequently, there is always sufficient signal from at least 
one receiver. 

For frequency diversity, two or more separate micro- 
wave systems are operated on different frequencies. Since 
no two microwave frequencies will react in the same way 
to a particular set of atmospheric conditions, it is unlikely 
that more than one frequency at a time will be subject to 
fading. 

Diversity techniques are not ordinarily required in a 
well-planned installation; they are extreme measures to be 
used only over very difficult terrain. A better solution in 
the present case will be to use a 1-watt microwave trans- 
mitter rather than the 100-milliwatt type, as the higher 
power will give approximately 10 db more fading margin. 
We can also employ 6-foot paraboloids for more gain; 
however, this will reduce the beam width to approximately 
1.7 degrees. 

C’ to D), the profile of 
It is found that 


lurning now to the third hop 
this 36-mile path can be plotted (Fig. 9). 
for adequate clearance, heights of 250 feet at the transmitter 
and 150 feet at the receiver are required. To mount the 
microwave units at these 
heights on the towers would 
be quite impractical from the 
maintenance viewpoint and 
would introduce an unfavor- 
able signal-to-noise ratio, com- 
monly encountered in coaxial 
lines of this length. A solu- 


tion is to install passive re- STANDARD EARTH 


; : RADIUS 
flectors which can provide an 
effective signal gain. The gain 
of power is dependent upon 
? 


a 


NORMAL BENDING 
STANDARD EARTH RADIUS 


2 


DIELECTRIC CONSTANT GRADIENT 
GREATER THAN NORMAL, 
THUS MORE BENDING 


INVERSE DIELECTRIC CONSTANT GRADIENT 
RESULT - UPWARD BENDING 


Fig. 7. Microwave refraction 
figures for various sizes of passive reflectors will be approxi- 


mately as follows: 


Reflector Size (feet) Gain (db) 


10x 15 
8x12 


Ox 8 


Using a paraboloid-to-reflector distance of 150 feet wit! 








(1) microwave frequency, (2) 
distances between the reflec- 
tor and the paraboloid, (3) di- 
ameter of the paraboloid, and 
(4) size of the passive reflector. ! 

Using a _ paraboloid-to-re- 
flector distance of 250 feet with 
a 4-foot paraboloid at a fre- 


SECTION OF THIS PAPER 


quency of 7,000 mc, the gain 


FEBRUARY 1956 


FOR THE 7O00O0Mc MICROWAVE BAND, THE 
PREDOMINANT CLEARANCE FACTOR UP TO 
APPROXIMATELY 30 MILES IS THAT DETER- 
MINED ON STANDARD EARTH RADIUS PROFILE 
PAPER IN THE MANNER DISCUSSED IN THE 
REFLECTION AND FRESNEL ZONE CLEARANCE 


Fig. 8. 


NORMALLY, FOR DISTANCE IN EXCESS OF 30 MILES 
UPWARD BENDING CLEARANCE |S THE PREDOMINANT 
FACTOR WHICH IS DETERMINED BY PLOTTING FOR 
GRAZING CONDITIONS ON 2/3 EARTH RADIUS PAPER 


Microwave clearance problem 
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lower than the lowest signal-to- 
noise reading. For the first hop of 
5 miles, the calculated signal-to- 
noise ratio, using 100-mw microwave 
equipment with 4-foot paraboloids 
in the 7,000-mec band, will be ap- 
proximately 48 db (rms to rms). 


eSSSG8 68888 61 


The second hop of 24 miles, using 
1-watt equipment with 4-foot para- 
Hie. 9. Conbeier gueliie chant, C’ v0 boloids in the 7,000-mc band, will 
yield a signal-to-noise ratio of ap- 

proximately 44 db. 
a 4-foot paraboloid and a frequency of 7,000 mc, the gain Che third hop of 36 miles, using 1-watt microwave equip- 
figures become: ment with 4-foot paraboloids in the 7,000-mc megacycle 
a a Gain (db) band, a 10- by 15-foot passive reflector at 250 feet, and an 
; 8- by 12-foot passive reflector at 150 feet will yield a signal- 
to-noise ratio of approximately 44 db. The net signal-to- 
noise ratio of the system is approximately 40 db. This will 
allow a fading margin of 15 db above the threshold signal- 

to-noise ratio. 


10% 15 
ex Tz 


6 xX 8 


It is now necessary to weigh signal gain against reflector 
cost A 10- by 15-foot passive reflector costs about $500 FREQUENCY INTERFERENCE 
more than an 8- by 12-foot one and an 8- by 12-foot reflector 
costs about $150 more than a 6- by 8-foot one. Since this THE FINAL CONSIDERATION is frequency interference. 
is a three-hop installation, the additional gain warrants Fig. 10 shows a typical microwave relay station. The 
the added expenditure, and we therefore plan to install the signa! power of system II being transmitted over path 2 is 
10- by 15-foot refector at the transmitter location C’ and the quite large as compared to that being received by system | 
8- by 12-foot one at the receiver location D. over path 1, so that any signal that is reflected or spilled over 

lo ensure reliable operation of passive reflectors, the from system II to system I is significant. Should the differ- 
supporting towers must meet rigid specifications for twist ence of radio frequency f2 and that of the local oscillator 
and sway. Given these specifications and the size and LQ,, or the various harmonics thereof, fall within the inter- 
height of the passive reflector, the tower contractor will be mediate-frequency bandpass of system I, interference would 
ible to provide a structure of the required strength and result. Consequently, before requesting a frequency alloca- 
rigidity tion from the Federal Communications Commission, it is 
advisable to investigate interference possibilities not only 
SIGNAL-TO-NOISE RATIO within the system, but also between it and other microwave 

[HE NET SIGNAL-TO-NOISE RATIO of the entire system and radar systems in the area. 
depends upon the ratio of each hop and will always be We have now considered most of the problems which the 

user of microwave equipment must face. Available to 
assist in their solution are the application engineers of the 
equipment manufacturers, the professional consultants in 
PATH 2 the communication and television field, and the many pub- 


= an > = a= w= «= o> : , , ; 
P lications that research engineering personnel have so gen- 


2 
c 


A erously made available. The foregoing discussion, which 
may appear to be over-simplified, is merely intended to 
define the principal problems and indicate a satisfactory 


and economical approach to their solution. 


1 
1 
4 
1 
1 
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General Study of Area Supply Methods 


J. Ax CASALLA 


ASSOCIATE MEMBER AITIEF 


LECTRIC POWER is usually delivered to the dis- 

tributed loads of an area by superimposed voltage 
webs or networks. In general, the higher voltage webs 
are used to transmit power, whereas the lower voltage 
webs, which provide much denser area coverage, are used 
to distribute pewer. Connections are required between 
the webs, which consist of step-down transformers with the 
necessary switching and protective apparatus. There are 
three general methods of supplying the lower voltage 


networks: 


1. Radial networks. 


each of which is supplied from one step-down transformer 


Separate lower voltage networks, 


location. 


2. Integrated networks. 


Integrated lower voltage net- 
works which are effectively one large network supplied 
from several step-down transformer locations. 

3. Radial networks with emergency cutovers. Same as 1, 
except normally open ties are provided between the net- 
works to make possible load transfers from one network to 


other networks under outage or emergency conditions. 


Che best supply method will result in the minimum over- 


all cost. Such factors as service reliability: thermal and 


voltage conditions, both normal and emergency: § short- 


circuit duties; and relaying and protection difficulties 


must be considered. Analysis of all of these factors in a 
theoretical study is impossible because of the vast number 
of variables involved. 

However, experience has shown that one of the more 


costly elements in the supply system is the connections 


Table I. 


Comparison of Area Capacities for the Three Supply Methods 


i 


IATE 


RANKIN 


MEMBER AIEI 


ASSOC 


Consequently, an analysis of 


the effect of the supply method on the load that can be 


between the voltage webs. 


supplied from various sizes and locations of step-down 
transformers should provide a good indication of the best 
supply method. 

Ihe analysis was limited to the supply facilities for 26-kv 


subtransmission networks. However, it was made on a 


per-unit (pu) basis, thus making the results useful for all 
load sizes and voltage levels for which the basic assumptions 
apply 

For simplicity, the analysis was limited to cases involving 


two switching stations. <A detailed investigation was made 


of the effect of bulk-supply-system and subtransmission- 
system conditions on switching-station transformer loading 


with integrated networks his indicated that subtrans- 


mission conditions are usually more important than bulk- 
The assumptions concerning sub- 
transmission and bulk-system conditions that were used in 


system conditions. 


comparing the supply methods were based on this in- 


vestigation. 
Both normal and emergency conditions were investigate¢ 
the 


Capacity is the maximum load that can be supplied without 


for all three supply methods. For each case, area 


exceeding normal ratings with all transformers in service; 
also without exceeding emergency ratings with one trans- 
former out of service at a time. 

three supply methods for various 


Table I 


area Capacities resulting from radial networks 


A comparison of the 


sizes and locations of transformers is given in 

he larger 

with emergency cutovers indicate that this probably is the 
best supply method in use 


Although 


required, it appears that the 


more study is 





Source A Source B 
(1) 
Radial 
Network 
Area 
Capacity, 
Per Unit 


(2) 
Integrated 
Network 
Area 
Capacity, 
Per Unit 


Ratings, * 
Per Unit 


Ratings, * 
Number Per Unit Number 
of of 


Trans- Emer- Trans- Emer- 


formers Normal gency formers Normal gency 


(4) heavy subtransmission loads 
Radial 
Networks with 
Emergency 
Load 


Cutovers Area 


(5) of the future should be sup- 
plied radially by each switch- 
facilities should 


the load 


ing station; 
be 


\ Capacity, \ . 
(2)-(1) Per Unit (4)-(2) provided for 





make 


of switching- 


transfers required to 


maximum use 


sub- 


station transformer and 


transmission line capacity 


under outage conditions 
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Forecasting the Demand for Electricity 


R 


G. 
FELLOW 


YINCE FORECASTING OI] 
the 


LOADS is 
advantages 


necessatr ily an 


inexact science, of using as many 


different series of data as may be available are evident. 
By 


ponents may become evident when a parallel set of factors 


this process, unreasonable extensions of one set of com- 
produces a different result. It has also been found very 
If the 
individuals in such a group are equally conversant with the 


{ 


helpful to secure the benefit of group opinion. 
I 


acts, greater objectivity is achieved by discussion which 
produces agreement rather than mere averaging of precon- 
eived opinions. Such a group should include representa- 
tives from operating, sales, and staff organizations. 

In order to avoid being unduly influenced by recent 
ecurrences, any forecast should be initiated by study of 
what may happen at some future date, such as a time 10 
years 


away. When opinions have been crystallized on 
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Fig. 1. Index of total manufactures 
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Industrial sales per manufacturing worker 


Hooke—Forecasting the Demand for Electricity 
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HOOKE 


AITEE 


what is to be expected as of that date, the problem of ex- 
tending historical data into the future has been greatly 
simplified. 

The forecast should be based on studies of the various 
components which together will determine the demand for 
electricity. Residential sales will be dependent on popula- 
tion growth, increasing consumption per customer, new 
appliance developments, and similar factors. Forecasts of 
commercial sales will be closely related to residential fore- 
casts and must take cognizance of the development of new 
suburban shopping areas. 

The most important element in the forecast relates to 
industrial sales. This component be studied by 
of the growth of industry, 
1, and the growth in use of electricity per unit 


industry. 


may 


investigation long-term as 
shown in Fig. 
of growth in Another approach depends upon 


studies of manufacturing workers 
and the use of electricity per worker, 
Fig. 2. Since 
industrial customers are charged for 
the basis 


kilowatt demand as well as on the 


as shown in most 


their power on of their 
basis of their energy consumption, 
it has been found useful to forecast 
the ratio of industrial kwhr sales to 
This 


ratio has many of the elements of an 


total industrial billed demand. 
index of industrial activity. Future 
industrial sales may also be studied 
on the basis of the expectations of 
specified groups of customers. 
Forecasts of near-term use may 
best be established by estimating de- 
viations from long-term trend. For 


residential and commercial sales such 


| 


deviations are likely to be insignifi- 
cant. For industrial sales, however, 
the immediate future will be heavily 
influenced by the business outlook. 


When 
pleted, a forecast of output may be 


the sales forecast is com- 
made and the kwhr figures con- 
This 
may be done by use of load factors or 


verted to system-peak values. 


by mathematical procedures. How- 
ever, forecasts of sharp peaks or de- 


KWHR PER WORKER 


pressions are unlikely to be successful. 


Digest of paper 55-530, recommended by the AIEE 
Committge on System Engineering and approved by 
the AIEE Committee on Technical Operations for 
presentation at the AIEE Summer General Meeting, 
Swampscott, Mass., june 27-July 1, 1955. Published 
in AIEE Power Apparatus and Systems, October 1955, 
pp. 993-1008. 

R. G. Hooke is with the Public Service Electric and 
Gas Company, Newark, N. J. 
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Future Application Needs 


T. A. CRAMER 


ASSOCIATE MEMBER AIEE 


[ IS EXPECTED that the number of carrier pilot 
relay installations will follow approximately the same 
geometric growth rate as that exhibited by the electrical 
industry as a whole, that is, doubling every 10 or 11 
years. If space in the frequency spectrum is to be avail- 
able for these additional channels, as well as for other 
carrier applications, steps must be taken to avoid serious 
frequency congestion problems, which even now are being 
experienced in certain areas. 

In view of the special nature of the carrier-relaying 
application, a number of practical steps can be taken to 
One 
of these steps is the frequent repeating of the same fre- 
the 


Usually, the same frequency can be reused on nonadjacent 


achieve maximum utilization of the carrier spectrum. 


quency throughout power transmission system. 


line sections. Another method of conserving frequency 
space is to use a receiver sensitivity that is adequate for the 
particular application, but is not greater than necessary. 
Increasing the sensitivity beyond the requirements of the 
application is equivalent to wasting the frequency spectrum, 
because increased spacing would be required between 
The third and 


most important step in conserving space is the use of carrier 


channels in order to avoid interference. 
equipment with characteristics which will permit the closest 
possible frequency spacing. ‘The important equipment 


characteristics are selectivity, frequency stability, and 
reduction in harmonic output. 

Ihe new carrier-relaying equipment described here ful- 
fills all of these basic requirements. In order to obtain 
the minimum possible spacing between carrier-relaying 
channels, the selectivity has been increased to the maxi- 

mum value which can be em- 

ployed without increasing the 

over-all relaying time. A typi- 

cal selectivity curve, which 
applies for any channel fre- 
quency between 30and 200kc, 
is shown in Fig. 1. This in- 
crease in selectivity will enable 
two or three relay channels 
to occupy the space formerly 
occupied by one. Direct crys- 
tal control of the new trans- 
maximum 


A 


fully designed filter is included 


mitter is used for 





frequency stability. care- 


SIGNAL ATTENUATION-DB 





in the transmitter output cir- 
cuit to attenuate all harmonics 
that fall 30-200 kc 


in the 





“8 -4 ie) os a3 


Fig. 1. Typical receiver filter 
selectivity characteristic 


KC OFF RECEIVER TUNED 
FREQUENCY 
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of Carrier Pilot Relaying 


C. KRINGS 


MEMBER AIEE 
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Fig. 


receiver, shown with cover removed 


by with even greater 


The 


sufficiently low insertion loss so that 10 watts of « 


band more than 50 db, att 


nual 
for harmonics above this band. ransmitter filter 

uri 
power is delivered at the output terminal. Long-lif 
pre-aged tubes are conservatively used and will give 
life of 
this type of service. 


In 


and spacing often have been governed by the requiremer 


average one to two years normally expect 


past and present installations, channel bandwidt! 


that test communication facilities be usable as a 


Plug-in voice unit combining voice modulator and voice 


t 


regular 


system communication channel, with the consequence that 


the bandwidth and spacing required are much wider thai 


A better arrange 


is dictated by the relaying function alone. 


ment is to group the relaying frequencies closely together, 


thus clearing a 


party-line telephone channel. Following this philosoph 
the new design makes provision for communication f. 
maintenance only, and does 
of 


and minimum permissible spacing. 


for adjustment and 


compromise the requirement maximum 


by the use of a completely transistorized portable plug-ir 


selectivity 


voice unit consisting of a modulator and voice receiver, 


as shown in Fig. 2. 


Ihe bandwidth of the relay receiver 


I 


space in the spectrum for a high grade 


icilities 


rhis is accomplished 


filter is much too narrow for communications; however, 


by using only a portion of this filter, sufficient band 


width is obtained for voice communication without affect- 


ing the selectivity of the relay function. The control cit 
cuits are arranged to give full preference at all times t 


the protective relaying function. 


Digest of paper 55-695, recommended by the AIEE Committees on Relays and 
Current and approved by the AIEE Committee on Technical Oper 
tion at the AIEE Fall General Meeting, Chicago, Ill 
for publication in AIEE Power Apparatus and Systems, 19 


ations for 


, October 3-7, 195 
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The Physics of Magnetic Materials 


M. BOZORTH 


MEMBER 


Research in the field of solid-state physics has 
explained many of the phenomena of magnetic 
materials. These findings have led to many de- 
velopments of practical engineering importance. 


be learned from a discussion of three kinds of mag- 


A LARGE PART of the physics of ferromagnetism can 
4 


netic materials. These are used commercially in 


large quantities and are studied in scientific laboratories 
in order to understand their behavior. They are the iron- 
silicon alloys, the iron-nickel alloys, and the nonmetallic 
ferrites 

[ron-silicon alloys, sometimes called “‘silicon steel’? and 
mainly used in power transformers and generators, are 
made in the United States to the extent of about 750,000 
tons per year.!. The annual value of the product to the 
consumer is now over $100 million. The dollar value of the 
magnetic losses that are dissipated each year in the cores of 
transformers and other electric equipment is larger than 
this, probably over $200 million. 

rhe iron-nickel alloys are used mainly in the communi- 
cations industries for transformers, coils, magnetic receivers, 
inductive loading, and permanent magnets. They cost 
much more per pound but are used in smaller quantities; 
the value of the annual product is now about $20 million in 
the United States 

[he ferrites are relative newcomers as commercial ma- 
terials, and have been manufactured in quantity only in the 
last several years \lready, the annual product has a value 
of approximately $10 million. Various applications have 
been made in communications equipment, especially in the 


radio—television industry. 


ATOMIC STRUCTURE AND INTERACTION 


[HE ATOMIC STRUCTURE of a free atom of iron is shown 
in Fig. 14, which indicates how the 26 extranuclear elec- 
shells 


the 


arranged in more or less well-defined 


of the 


trons 


he 


are 


origin magnetic moment of the atom is 


TRON SHELLS 


Fig. 1. Electron shells in: (A) free-iron atom, 26 elec- 
trons, 4 Bohr magnetons; (B) Fe™** 


Unfilled 3d shell is responsible for 


ion, 23 electrons, 5 
Bohr magnetons. 
magnet moment 


Bo Zor th 


Physics of Magnetic Materials 


AIEE 


spinning electron which is known to have a moment of 
0.927 K10~*° in cgs units, or 1 Bohr magneton. Although 
some magnetic moment results from the orbital motion of 
the electrons, this is not of prime importance in ferromag- 
netism. 

The arrangement of electrons in the two inner shells is 
such that the spins cancel each other, leaving a net moment 
of zero. However, the third part of the third shell is not 
completely filled, and the spins are oriented so that they 
neutralize each other only partially. The atomic moment 
of atoms and ions of iron, cobalt, and nickel can be attri- 
buted to the unbalanced spins of their 3d electrons. 

In a free atom of iron the atomic moment should be the 
difference between the five 3d+ spins and one 3d— spin or 
4 Bohr magnetons. In metallic iron the electron distri- 
bution is changed by the close proximity of neighboring 
atoms and, as a result, the net atomic moment is reduced to 
2.2 Bohr magnetons. 

In ferrites the iron is present mainly as the ferric ion 
Fe+t++, The electronic structure of this ion is shown in 
Fig. 1B, and from this one can see that its magnetic moment 
is 5 Bohr magnetons. 


Fett, Nit 


compounds, 


+, Mn* 
experimentally 


In ions such as Fe** F, etc., which 


occur in nonmetallic the 
determined moment is usually close to that which can be 
In the 


metals, however, the atomic moments are not so simply 


deduced from the number of electrons in the ion. 


determined because of the uncertainties resulting from the 


conduction electrons. ‘The average moment of the atoms in 


a pure metal or in an alloy can be determined by dividing 
the measured moment of a specimen by the number of 
atoms in it, and one can plot this average moment against 


the number of extranuclear electrons.” According to 


theory, one expects that the average moment will depend 
only on the number of electrons, and this expectation is 
reasonably well fulfilled. 

If a material is to be ferromagnetic not only must its 


atoms have magnetic moments, but also there must be 


interatomic forces that maintain neighboring atoms parallel. 
he kinds of magnetism that are associated with different 
kinds of interaction are illustrated in Fig. 2. Antiferro- 
magnetic materials have only small permeabilities, of the 


same order of magnitude as paramagnetic materials. 
Ferrimagnetic materials have the high permeabilities 


characteristic of ferromagnetism. Diamagnetic sub- 
stances are composed of atoms having no permanent mag- 
Revised text of an address given before the Carnegie Conference on Solid-State Physic 
the National Science Foundation and the 
1954 


in Engineering Education, sponsored by 
American Society of Engineering Education, June 


Full text to appear as a chapter in ‘““The Science of Engineering Materials,”’ edited b 
J. E. Goldman, John Wiley and Sons, New York, N. Y., 1956; 
**Recent Advances in Science,’’ edited by M. H. Shamos and G, M. Murphy, New York 
University Press, New York, N. Y., 1956 


also, in modified form 


R. M. Bozorth is with Bell Telephone Laboratories, Murray Hill, N. J. 
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PARAMAGNET!SM FERROMAGNETISM 


ANTIFERROMAGNE T!ISM FERRIMAGNETISM 


2. Kinds of 


various types of interatomic interaction: 


magnetism associated with 
para- 
magnetism, weak interaction; ferromagnetism, 


‘‘positive’’ interaction; antiferromagnetism, nega- 


tive interaction; and ferrimagnetism, negative 


interaction between unequal moments 


netic moments, but having small moments induced by the 
applied field and opposed to it in direction. 

The interaction that exists between neighboring atoms 
and that orients their magnetic moments is quantum me- 


So far, its magnitude cannot be calcu- 


chanical in origin. 


lated precisely enough to be useful If atoms are too close 
together their moments will tend to be held antiparallel: 
if far enough apart, they will be parallel. Slater* has shown 
that the ferromagnetic elements are those which have an 
unusually large ratio of interatomic distance to the diameter 
of the electron shell in which the magnetic moment (un- 
ferro- 

| lef 
Our best measure of the energy of interaction is the Curie 
point on the Kelvin (K) scale; 


balanced spin) resides; the critical ratio between 


magnetism and antiferromagnetism being at about 


this, when multiplied by 
the Boltzmann constant k, is a measure of the disordering 
energy of thermal agitation which is necessary to counteract 


the ordering of ferromagnetism; it is about 1,000 C in iron 


FERRITES 


THE RELATION of the atomic moments and interaction 


to atomic structure and interatomic distance are well illus- 


trated by the properties of the ferrites. These are re- 


fractory materials composed of the oxides of iron and other 
Ni, Cu, Zn, or Mg. They 


pressed in powder form to the required shape and fired. 


metals, usually Mn, Co, are 


Chemical reaction then occurs, and when they are cooled 
to room temperature they are hard, strong, and brittle. 

Nickel ferrite, for example, has the chemical composition 
NiO .Fe.O3, or Nit+Fe2.tt+tO, The 


crystal structure is determined mainly by the oxygen ions, 


represented by 


which are much larger than the metal ions and form a 
close-packed cubic array. In among the oxygen ions there 


are two kinds of interstices in which the metal ions lie. 


In one kind of position (A position), the metal ion is equi- 
distant from four oxygen ions, arranged at the corners of a 
in the other kind 


tetrahedron; B position), the metal is 
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placed so that there are six equidistant oxygen ions placed 
at the corners of an octahedron. 
Chere 


tributed among the 


the metal ions are dis- 
In ZnFe2O,, the Zn Ss 


+ the B sites. 


are two ways in which 
A and B sites. 
occupy the A sites and the Fe Ferrites that 
have this distribution are nonmagnetic. In the magnetic 
ferrites, such as NiFe.O,, half of the iron ions are in the A 
sites; the other half and all of the divalent ions, such as 
Ni? 


designated 


are in the B sites. The former structure is generally 
a normal spinel structure, the latter an in- 
verted spinel. 

de- 
Fig. 1 
The moments of the ions that occur most frequently in the 


Ihe magnetic moments of the metal ions can be 


duced from the diagrams of the kind shown in 


ferrites are given in Table I 


Table I. Atomic Structure and Magnetic Moments of Some Iron- 


Group Ions 





Third 
Shell 


Fourth Net 
Shell Moment 


Second 
Shell 


First 
Spin Shell 


Néel* showed that in the magnetic ferrites the actions 


inter 


between the ions in the A and B sites are antiferromagnetic, 


so that the moments of 4 ions are antiparallel to those of B 


NiFesO, ZnFe2O,, 


one Can represent the situation by 


ions. In magnetic and nonmagnetic 


Octahedral Net Momeat 
B Sites Nr 


letrahedral 
A Sites 


Fe 


Che net moment of Nike,O, is then expected to be 2 Bohr 


magnetons; experimentally, Gorter found 2.3. At room 


temperature, ZnFe:O, has random directions of the Fe* 
moments, but below 10 K the Fe*+** go into an antiparallel 
arrangement, and so show a weak antiparallel or negative 
interaction 

Similarly, one can estimate the moments for the other 


Mn, Fe, Co, Ni, Cu, Zn 


verse ferrites one expects the molecular moment to be just 


ferrites in the series: In the in- 


that of the divalent ions of these elements, because the 2 


Fe* 


the moments of the divalent ions as given in 


in the A and B positions cancel each other. Using 
able I, 
plotting the molecular moments for the corresponding fer- 
Fig. 3.. The 


served moments, derived from the saturation magnetization 


ind 


rites, one obtains the straight line of ob- 


at 0 K, are shown as points. The small discrepancy be- 


tween calculated and observed moments has been at- 
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Fig. 3. Theoretical 
and measured mo- 
lecular moments 
of ferrites of iron- 


group elements 


Fig. 4. 


change in 


Observed 
FERRITE AODEC 

O FERRITES OF 
Fe,Co,N 


moment 
of several ferrites 
by addition of zinc 
Ideal theo- 


increase is 


ferrite. 





retical 
approached for 


small additions 


tributed to the moments resulting from the orbital motions 
f the electrons. 


rhe 


hat there is good understanding of the atomic structure 


agreement between theory and observation shows 


and interatomic interaction in simple ferrites. 
\n interesting and useful material is made by combining 


ignetic manganese ferrite with a small amount of non- 


ignetic zinc ferrite. One can calculate the magnetic 


noment of a mixture of 90 per cent MnFe2O, and 10 per 


cent ZnFe.O, with the aid of the moments given in Table I 


Tetrahedral 
A Sites 
Fe +++ 


Moments ~~ 


Octahedral Net Moment 
B Sites Na 
Mn**,Fet** 


sc Structure 


al Structure 
Moments 


Fe(Mn Fe)O,) 
Zn(Fe Fe)O,5 


\s indicated, pure MnFe.,QO, has the inverse structure* 
the Mn?* 
lhe 
Fe moments antiparallel to it, as shown by the arrows. 


In pure ZnFe,O,, the Zn* 


and 
and Fe* 
the 


each have a moment of 5 magnetons. 


Fett++ in A position maintains the Mn++ and 


is in the A position and has 


*However, neutron diffraction experimer 
rted. Since Mn*+t 


of the 


ts indicate that MnFe QO, is only partially 
and Fe*+** have the same moment this makes no difference 


he net moment « compound 
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zero moment, the Fe*+**’s are in the B position and have 5 


Bohr magnetons each. Since the Zn*+* has zero moment 
there will be no force of interaction between it and the two 
Fett+ 


net moment will be zero. 


s, so the latter will be directed at random and the 
In MnFe2O,4, on the contrary, 
the net moment is 5. 

If now some ZnFesO, is added to MnFe2O,, the Zn** 


+ + 


ions will go in the A positions, and the Mn** will remain 


in the B position. The net moment of the chemical mix- 
ture, as calculated, is found to be 5.5, an increase of 0.5 
over that for MnFe,O,. As long as added Zn** ions go in 
the A position one should expect the moment to rise as 
indicated by the upper broken line of Fig. 4 (ideal slope), 
0.5 Bohr 


each addition of 10 per cent of ZnFe2O.. 


which has this same increase of magneton for 
Actually, the 
experiments of Gorter’ give the data of Fig. 4 for additions 


The 


additions give curves starting with the ideal slope. 


of ZnFe.O, to several of the simple ferrites. first 
Even- 
tually the moments of ions in the A position are too weak to 
influence the moments of ions in the B position and the 
mixture becomes nonmagnetic like pure ZnFe2O,. 

The technical value of the ferrites depends not only on 
their magnetic properties but also on their electrical re- 
sistivities. These are one million to one billion times the 
resistivities of the common magnetic alloys like silicon-iron 
and permalloy. The significance of these high values is 
the reduction of eddy-current losses in a transformer core or 
other similar structure that is subjected to alternating 
magnetic fields. At high frequencies, these low losses are 
especially important and practically determine the quality 
of the As a 


2nfL/AR, L being the inductance at the frequency f of a 


material. measure of the quality, Q 
coil of wire containing the material, and AR the effective 
resistance of the coil caused by the presence of the material. 
The factor of merit of a material of this kind is uQ, u 
being the permeability. In Fig. 5, u and uQ are plotted 
against frequency for zinc manganese ferrite, and are 
there with a 


compared high-quality iron-nickel alloy, 


molybdenum permalloy. Because of the high resistivity 
of the ferrite, its uQ declines less with increasing frequency, 
and at 1 mc the uQ is 50 to 100 times as great as for the 
alloy. This isin spite of the fact that: (1) the permeability 
of the alloy at low frequencies is about 10 times as great as 
the ferrite; and (2) the alloy is severely laminated so 
as to reduce the eddy current loss, whereas the ferrite is a 
solid piece of material. 


The hysteresis loops of two of the common ferrites are 


VALUES OF & AND uO 


°. 4-79 
Mo PERMAL LOY 
— . Effective 


permea- 


bee Fig. 5. 

low-field 
bility 4, and prod- 
uct with quality 
factor Q (recipro- 
cal of energy loss) 





| a 
on 3 a err 
10' 10 10 10” ' 
FREQUENCY IN CYCLES PER SECOND 


as dependent on 
frequency 
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Fig. 6. Hysteresis loops of nickel ferrite and zinc 


manganese ferrite (smallest loop) as compared with 
loops of metallic iron and molybdenum permalloy 


shown in Fig. 6, where they are compared with those 


molybdenum permalloy and iron. It is apparent that 


ferrites have lower saturation than the metals. 


HIGH-FREQUENCY PHENOMENA 


[HE FERRITES have been observed at high frequencies, 
and give promise of important industrial applications as 
well as further insight into the behavior of magnetic ma- 
terials [hese properties come about mainly because the 
uncompensated electron spins of ferromagnetic materials 
precess under the influence of a magnetic field, just as a 
gyroscope precesses under the influence of gravity. 

Imagine an electron traveling in an orbit and suspended 
in space as shown in Fig. 7 Che magnetic moment caused 
by the orbital motion of the electron and also by its spin 


Antiparallel to A is 


the vector J which represents the angular momentum of the 


can be represented by the vector M. 


electron. Ifa magnetic field H is applied as indicated, the 
a J 


If a small-amplitude alternating field Hy is applied, 


vectors M and J will precess with the frequency MH 


having a direction perpendicular to H and a frequency equal 


to or near the precession frequency, the amplitude of the 
precessing magnetic moment will become larger and larger, 
because it is continually pulled by the alternating field, 
until a final amplitude is reached which depends on the 
internal damping or energy 
loss associated with the pre- 
cession. Measurement of the 
amplitude of the magnetic 
moment obtained with a given 
alternating field enables one 
to calculate an effective per- 
meability. By varying the 
H,, until the 


permeability is a maximum 


frequency of 


at resonance), one can deter- 


mine the natural frequency of na ee 
‘ Fig. 7. Spinning elec- 
‘ecession. : ; 
sis — tron in orbit. Magnetic 


-Hogan® observed that if moment M and angular 


manganese ferrite is placed in momentum J precess un- 
der influence of applied 


field H. 
quency field H,; is ap- 


a wave guide as shown in Fig. : 
; : : ; . Radio-fre- 
8, the plane of polarization of 


the electromagnetic wave is plied perpendicular to H 


rotated through large angles for resonance 
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Fig. 8. 
resulting from transmission through magnetized ferrite 
(Faraday effect) 


Rotation of plane of polarization in wave guide 


On entering at the left, the polarization is perps 


guide. I he 


circularly 


the short dimension of the wav« 


considered as made of two polarized 


rotating in opposite directions In one of these w 


direction of rotation is the same as that of the 


of the spinning electrons, consequently the 


permeability of this component will be high and the 
velocity small as compared with the other wave 
will 


Cherefore, 


with the electron spi 
will fall behind 


other and there will be a rotation of the resultant 


have only a small reaction 


one wave component 
polarized wave, as in the Faraday effect for light 

A specimen a few centimeters long of mangan« 
or preferably of magnesium manganese fer1 
the plane of polarization in a 3-cm wave by 
The amount of rotation can be adjusted by chan: 
field applied to the ferrite. Since the material is 
parent to these waves as long as the frequen vy isn 
near resonance, the transmission loss is slight 

There are 


many possible applications of this 


If the material and field are adjusted for a 45° rot 
and the rectangular waveguides properly oriented, a s 
will pass in the forward direction with only a small 

A signal going in the opposite direction, however, will 
beyond 


turned so that it will not be transmitted back 


ferrite into the rectangular wave guide. Thus, wave 


transmission line will 


flected backwards in a 


practically to zero. 


DOMAINS AND PERMANENT MAGNETS 


[HE DISCUSSION in the foregoing has shown 


roles of atomic moment and interatomic force 
sidering the change of magnetization with field the 
structure of a material is of prime importance. 

In an unmagnetized piece of magneti 
separate regions or domains exist, in each of 
atomic moments lie parallel to each other along 
easy magnetization. Since there are six such directions 
iron (eight in nickel), an unmagnetized or demagnetized 
iron crystal will normally have one-sixth of its domains 
oriented in each of the six directions, the average mag- 
netization of the whole crystal being zero. 

When a field is applied, the magnetization is normally 
This 


changed by motion of the domain wall. nechanism 
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accounts for the changes occurring below the knee of the 
magnetization curve. When this process is complete, and 
the direction of magnetization is parallel to the axis nearest 
to the direction of the applied field, an increase in the 
field 
toward parallelism with the field. 


strength of the causes the magnetization to turn 
This occurs above the 
knee of the magnetization curve, and is called “domain 
rotation.”’ 

one to understand 


Domain theory not only enables 


many of the essential facts about magnetic materials in 
general, but also gives a lead that may result in the de- 
velopment of greatly improved magnet materials for per- 
manent magnets. If one could put together particles of 
iron of just the right size, shape, and orientation, a better 
magnet than any now in existence could be made. 

Che theory underlying this is as follows: Imagine two 
cubes of single crystals of iron, one without domain walls 
ind one with. The first is magnetized so that it has poles 
on two of its surfaces, and as a result it has a large external 


field and The 


second cube has no energy of this kind, but it does have 


a magnetostatic energy associated with it. 


energy associated with its domain walls. The magneto- 
tatic energy varies as the cube of the cube edge, and the 
vall energy as the square; consequently, the second cube 
will have the lesser energy when the particle is small. In 
iron the critical size is about 300 Angstroms. Since the 


normal wall thickness is larger than this, one can readily 
believe that there will be no wall in a particle of this size. 
Such small particles are then single domains; however, 
if they are too small they are disturbed by thermal fluc- 
tuations, therefore there is an optimum size. 

In these small particles the mechanism of magnetization 
must be quite different from that in larger particles 
Absence of domain boundary movement means that the 
only way for the magnetization to change is for the atomic 

lagnets to rotate. This requires a greater force to be 
supplied by the field, because the magnetization must be 


Che 


field necessary to pull the magnetization over the energy 


turned through the direction of hard magnetization. 


maximum is the coercive force of the particle, necessary to 


reverse the magnetization in the specimen. It can be 
calculated from the known properties of the crystal, and the 


check 


ver 500 oersteds have been measured in fine iron powder, 


a for iron the calculation. Coercive forces of 


whereas the coercive force of large pieces of iron is normally 


bout 1 oersted. 


If the fine particles are not cubes or spheres, but are 


elongated—for example, if they are rods—an even higher 


coercive force may be expected. The direction of easy 


« RYSTA a on oe oe ae ee =e . . 
_sincte Se Fig. 9. Comparison 
_——o_ — ~~ be 

OLD_ROL Speman ment ] 


of commercial cold- 
rolled 
ented) silicon iron 
with hot-rolled 


(nonoriented) ma- 


a ae | 


HYDROGEN TREAT EO nn op pe 
—C—-— 


Tana (grain-ori- 


terial. Purification 
of nonoriented ma- 
terial by hydrogen 
treatment is bene- 
ficial in low fields 
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magnetization of a rod is par- 
allel to the axis and a high 
field is necessary to magnetize 
rod at right angles 
In the extreme case 


a thin 
thereto. 
of a long thin’ rod of iron, 
small enough to be a single 
force 


domain, the coercive 


will be about 10,000 oersteds. 


Fig. 10. Orientation of crys- 


tals in grain-oriented silicon- If such rods could be com- 
iron strip pacted to half the normal den- 
sity of iron, the quality could 
the 


best materials now available, so that permanent magnets 


be 5 times as good as 
could be made only one-fifth as large as they are now. 

The best material now available commercially is Alnico 5, 
developed originally at the Philips Laboratory in Holland. 
This is a cast alloy containing Fe, Co, Ni, Al, and Cu. 
Some time ago it was proposed independently by Stoner 
and Wohlfarth’? and by Néel’ that this material is really a 
fine powder magnet; the phases present in the alloy are 
Recently 


Heidenreich and Nesbitt? have observed such a structure 


of two kinds, each present as very fine particles. 


with the help of the electron microscope, and have shown 
that the properties depend on the needle-like or plate-like 
shape of these fine particles. The directions in which the 
needles or plates are oriented depend on the heat-treatment 
of the material, which is cooled from a high temperature 
at a controlled rate in the presence of a strong magnetic 
field. 
IRON-SILICON ALLOYS 


[THESE ALLOYS are still the big business of magnetic 


materials. It has already been mentioned that the annual 
at more than $100 million. 


of the yearly loss of magnetic energy in the cores of trans- 


product is valued The value 
formers, generators, motors, and other electric equipment is 
probably several times this amount. A rough estimate 
can be made (see equation): The annual production of 
electric energy in the United States in 1953 was over 400 
billion kwhr (a), from which a revenue of almost $7 billion 
was derived. The installed capacity in this country for 


nerating and distributing power is almost twice that 


ge 
us 


ed (b). The loss of an excited transformer, when it is 


carrying no load, is about 1/2 


of 1 per cent of its rated 
power (c); this is almost entirely because of the magnetic 
losses in the core, and is about the same when the trans- 
former is under full load. ‘The number of steps involving 
magnetic losses, through which power normally goes from 
the generator to the consumer, is about 4 (d). The average 
cost of power to the consumer is 1.8¢/kwhr (e). As a 
preliminary estimate (using the figures given as (a), (), ) 
then 

400 x 109* 20.005 & 4 $0.018 = $300 K 108 

(a) (6) (¢ a) (e) 


This is too low for one reason and too high for another; 
too low because the magnetic losses in motors and other 
kinds of consumer equipment must be added and the losses 
in generators are higher than in transformers; too high 
because some of the industrial power is consumed without 
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It must be right as to 


passing through so many stages. 


order of magnitude, probably is right within a factor of two. 
In any case, it is an important source of lost revenue. 

The importance of the magnetic losses has naturally led 
to attempts to reduce them. One of the largest reduc- 
tions in magnetic losses was made in the 1930’s largely 
the 
was to so fabricate and heat-treat 


as the result of work of Goss. His contribution 
the material that the 
individual crystals were oriented in the sheet with their 
directions of easy magnetization parallel to the length of the 
sheet, the direction in which it was to be magnetized in use. 
Measurements of single crystals of silicon-iron! show that 
to magnetize them to B = 15,000 in the direction of easy 
magnetization requires a field of only 0.1 oersted, while in 
the direction of hard magnetization this requires 100 
oersteds, or 1,000 times as much. 

The method of fabrication and heat-treatment used by 
Goss has been adapted to commercial production by 
several large steel companies. A product is now readily 
available which approaches the properties of a single 
crystal, as shown in Fig. 9. The alignment of crystals can 
now be so controlled that most of the crvstals have a direc- 
tion of easy magnetization within 10° of the rolling direction 
taken by the unit cube of 
10 


Che quality of the present-day silicon-iron is influenced 


of the sheet. The orientation” 


the crystals is depicted in Fig 
markedly by another factor, the impurity content. In the 
transformer core material produced in 1890, it is reported 
that about 1 per cent carbon was present as an impurity 
In 0.1 


per cent carbon. In the hot-rolled product of a decade ago 


1905, the first silicon-iron sheet contained about 
the content was about 0.03 per cent; in present-day cold- 
The 


carbon present in this material as it comes from the rolling 


rolled material it is probably less than 0.01 per cent. 


mills is reduced by treating in moist hydrogen at about 
800 C, and further reduced during the final high-temper- 
ature treatment of the strip at 1,100 to 1,200 C in dry 
hydrogen. Important work on the removal of various 
impurities from iron by hydrogen was carried out over a 
period of years by Yensen,'* Cioffi, and others.'® 

The difference in power loss of hot-rolled and grain- 
oriented material, 


(cold-rolled) produced commercially, 


Fig. 11. 
pound) in hot-rolled and cold-rolled material 


Core losses and exciting current (in watts/ 
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Fig. 12. Improvement in initial permeability of material 
in the last half century 


} 


is shown! by the curves of Fig. 11, where a 2-fold im 


ment is apparent. The exciting current may also 
duced 10 fold. 

It has been known for many years that fabri 
annealing effect a nonrandom orientation of the 


Although 


known of the nature of slip on certain crystal planes, and 


composing metallic materials something is 


the growth during annealing of crystals in certain preferred 
directions, a real understanding of the mechanism of grain- 
orientation in silicon-iron and other metals is still lacking 
Che 


transformer 


early stages in the development of grain-oriented 


the 


knowledge that the crystal grains were oriented in a special 


sheet were actually carried out without 


the results 
the 


further 


way by the processing. The understanding of 


in terms of crystal orientation, however, enabled 


development to proceed more rapidly and to a 
extent Chis understanding by 


was provided solid-state 


physics 


IRON-NICKEL ALLOYS 


alloys, 


transmit large amounts of power, the iron-nickel alloys are 


IN CONTRAST to the iron-silicon which are used to 
used mainly to detect and transmit the small signals used in 
communication. The small signal currents produce small 
magnetic fields inside of transformers and other equipment, 
and it is therefore desirable to make the flux (voltage) re- 
sponse as high as possible. ‘The material should then have 
high permeability in low fields. Whereas in power trans- 
formers the induction may have an amplitude of 15,000 
gauss, in Communication transformers it may be much less 
than 100 gausses. The first criterion of a material for this 
use is the initial permeability uo, the limiting ratio of B/H 
which is approached as H becomes indefinitely small 

iron-nickel 


1916. 


The outstanding qualities of the alloys 


(permalloys) were reported by Elmen in For the 
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first time a search was then being made for a material 
with a higher initial permeability than silicon-iron. 

Che improvements in the initial permeability of the perm- 
alloys is shown in Fig. 12. 


} 


maae 


Much progress has also been 
in the physics of the phenomena involved. 


CONCLUSIONS 


[HE COMMERCIALLY VALUABLE ITEMS mentioned in this 


article are the results of research in the field of solid-state 
} 


pny S 
ph SI1CS 


that they might be classed as “‘accidents.”’ 


In some cases, the results have been so unexpected 
Often, but not 
always, the initial impetus that opens up a new phase in the 
development of a material or process depends to a large 
extent on chance and on the ability of the discoverer to 
ecognize a good thing. 

[lo obtain the best engineering results from magnetic 

erials, it is important not only to know their properties, 
to Then 


be made with more intelligence and further 


ut also understand the basic phenomena. 

ipplications can 

progress can be made in the development of materials for 

uses in new situations, as well as in the more familiar ones. 
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Model of Atomic-Power Generating Station Is Displayed 


\ model of a transportable atomic-power generating 
station, which will go into service in 1957, was on exhi- 
ition recently at the Carnegie Endowment International 
ter, New York, N. Y. Displayed by ALCO Products, 
Inc., Schenectady, N. Y., the model is one of several com- 
mercial of the 
(APPR), which will be built under contract of the Atomic 


Energy Commission. 


versions Army Package Power Reactor 


(he power plant, the Army’s first nuclear reactor, is 
designed so that its components can be transported by air to 
The Army 


announced an interest in using such power plants for distant 


remote locations anywhere in the world. has 


early warning (DEW) line radar stations and other inac- 
cessible locations where fuel transportation and availability 
are costly problems. To be built at the Army’s Corps of 
Va., the first APPR will be 


used to train engineer personnel. 


Engineers post, Ft. Belvoir, 

his display was a part of a large trade show entitled, 
““Man, the 
Atomic Industrial Forum, the Fund for Peaceful Atomic 


Development, and the Carnegie Endowment for Inter- 


the Atom, and the Future,” sponsored by 


national Peace. 
Che at the 
‘Atoms for Peace Conference’”’ held in Geneva, Switzerland, 


model has previously been displayed 


in August, and at the Atomic Industrial Forum trade show 
held in Washington, D. C. It is scheduled to go on tour of 
Japan, and later will be sent to the agency’s permanent 
exhibit at Bonn, Germany. 
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Close-up of model of the atomic-powered generating station. 
Shown within the specially designed vapor container are the 
Three 
water tanks can be seen in the foreground, while the feedwater 


nuclear reactor, primary pumps, and steam generator. 


and evaporator, essential to the closed-cycle pressurized-water 
system, are in the background. 
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Calculating Response to Arbitrary Input 


G. A. BLIERNSON 


ASSOCIATE 


BROAD UNDERSTANDING of the dynamic aspects 
of feedback control requires an appreciation of the 
factors affecting the response to a general or arbitrary 
input. The important characteristics of the response to 
an input can be readily determined if the important 
characteristics of a small set of transient responses are 
given. Thus, a few transient-response parameters are 
sufficient to specify in a practical sense the general time 
A knowledge of the manner 
the 


response is very helpful for analyzing the dynamic system 


response of any linear system. 


in which these parameters relate to general time 


requirements for particular applications, because it shows 


what characteristics of a specific input are the cause of 
dynamic error and what the requirements on the transient 
response are for keeping this error within allowable 
bounds. 

Chere are three basic sets of characteristics which define 
the general time behavior of a feedback control loop: 
the Y Halt) Fe 


and the initiai-value coefficients, 


transient terms, designated the steady-state 
coefficients, designated c,,; 
designated a,,. These characteristics appear in the re- 
sponses to steps of derivatives and to steps of integrals of 
the input. The response to a unit step of the nth derivative 
can be expressed as 

xo(t) = Tn(t) +e, +cn_1 ~ +c, 

he term 7)\(¢) is the transient portion of the 
the 


coefficients ¢9, ¢1, ..., ¢ 


response 
Che 


are the steady-state coefficients, 


and is called nth-derivative transient term. 


n 
and ¢, is the nth-derivative steady-state coefficient. If 
the error response were being considered, the steady-state 
coefficients resulting would represent the well-known 
error coefficients of the system. 

The expansion of equation 1 for a step of the nth deriva- 


tive can also be expressed as follows: 


xo( t) =coxy(t) 4+-¢,Dx4 t) +c, D2x,(t) 4+ + T,,(t)]D"x,(t) 


where the symbol D"x,(t) represents the nth time derivative 
of the input. From this expansion, the response to an 
arbitrary input which does not contain high-frequency 
can be using the following 


components calculated by 


procedure: 


1. Approximate as steps those portions of the input 
which rise more abruptly than the system step response, 


and differentiate the remaining smooth curve. 


Digest of paper 55-553, ““A Simple Method for Calculating the Time Response of a 
System to an Arbitrary Input,” recommended by the AIEE Committee on Feedback 
Control Systems and approved by the AIEE Committee on Technical Operations for 
presentation at the AIEE Summer General Meeting, Swampscott, Mass., June 27- 
July 1, 1955. Published in AIEE Applications and Industry, September 1955, pp. 227-4 
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2. Approximate as steps those portions of the derivative 
curve which rise more abruptly than the transient term 
for that derivative, and differentiate the remaining smooth 
curve. 

3. Repeat step 1 until reaching a derivative where the 
transient term is nearly monotonic, and at that point 
the 
Differentiate the straight-line approximation to obtain 


completely approximate curve by straight lines 
a series of steps. 

4. To form the response curve, multiply the derivative 
curves by the corresponding steady-state coefficients and 
add to the sum of these a series of transient terms propor- 
tional to each of the approximating steps. 


In this computation, comparatively low accuracy is 
required for the transient terms and the steady-state 
coefficients, so that a few parameters defining the gross 
characteristics of the transient give an 


responses Can 


adequate description of the response to any input. Besides, 
relatively few segments are needed to approximate a given 
input, which makes it quite easy to see how the response 
to that input is affected by a particular transient-response 
characteristic. Feedback control systems are generally de- 
signed in terms of frequency response. Consequently, to 
employ this approach directly in design requires that the 
transient responses of a system be related to its frequency 
responses. Although there is no simple means of perform- 
ing this relationship exactly, there are good reliable ap- 
proximations which can be used. Only the gross charac- 
teristics of the transient responses need be known, and ap- 
proximations of these characteristics that are perfectly ade- 
quate for design can be readily estimated from frequency 
response data. 

If the input contains high-frequency components which 
rise and fall like pulses in periods which are short with 
respect to the step-response rise time, an average curve 
should be drawn through the input plot to separate out 
the high-frequency components. 


be integrated successively, with step approximations being 


These components should 

made at appropriate places. The method for computing 

the response to the high-frequency portion is based upon 

the following expansion of the response to a step of the 

mth integral of the input: 

xi(t)+ 
[T_m(t)]D-™x,(t) (3 


xo(t) =aox,(t)+a,D x(t) +... +a__,;D™™ 


where D'™x,(t) represents the mth time integral of the 
input, and a coefficient a,, is called the mth-integral initial- 
value coefficient. The expansion shows that the response 
to the high-frequency portion is obtained by multiplying 
the integral curves by the corresponding initial-value 
coefficients, and adding to the sum of these a series of 
transient terms proportional to each of the approximating 


steps. 
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Extruded High-Strength Aluminum 
for Electrical Bus Conductors 


WILLIAM SWITNEY 


ASSOCIATE MEMBER AIEE 


The uses and electrical properties of extruded 

and heat-treated aluminum bus conductors are 

discussed. Results of tests conducted on vari- 
ous bus sizes and configurations are given. 


CCORDING TO LATEST PREDICTIONS, the 
A electric power industry will double in size in the 

next 10 years. This means that there will be a 
corresponding increase in the amount of electrical equip- 
ment required and in the need for conductor material. 
Since the world supply of copper is insufficient to meet 
expected demands, the present trend is toward replacement 
of copper by aluminum wherever possible. 

The electrical conductor (EC) grade of aluminum has 
been used for some time in many bus conductor applica- 
tions. This material was developed primarily for the 
electrical industry and through close control of its compo- 
sition, it has an electrical conductivity of 61 per cent of 
the Annealed Copper Standard. It is 
essentially a high purity aluminum (99.45 per cent mini- 
mum aluminum content), hardenable only by cold work. 

The highest strength commercially available in cold 
worked EC bus conductor is that of EC-H77, which has a 
minimum tensile strength of 17,000 pounds per square 
inch (psi). This is roughly half that of copper bus con- 


International 


ductors. 
Believing that switchgear and bus duct manufacturers 


Table I. 


Properties of High Strength Aluminum Bus Conductor (1/4 Inch Thick Extruded Bar) 


Cc. L. CARLSON 


would welcome it, aluminum suppliers recently developed 
and marketed a high-strength bus conductor alloy. This 
new material is similar to an extruded and heat-treated 
alloy introduced several years ago and much used in archi- 
tectural applications. With some the 
manufacture and treatment of this type of alloy, the elec- 
trical conductivity is enhanced sufficiently to make it 
attractive as a conductor. The original alloy used for 
many architectural applications was designated by the 
trade as 63S-T6. This was changed recently to 6063-T6. 
The 76 refers to the heat treatment given the material to 
obtain strengths in excess of those possible with materials 
that are hardenable only by cold work. 


modification in 


A comprehensive program for evaluating this new alloy 
The consisted 
of current-carrying and short-circuit tests on the earliest 
available samples of the materials mentioned above and 


was planned and carried out. program 


mechanical, electrical conductivity, and fabrication tests 
The 
purpose of the latter part of this over-all program was 
to determine whether 
test data 


on all suppliers’ materials as they became available. 


the current-carrying and _short- 


one of the high-strength 
materials were applicable to the other available materials. 
This proved to be true. 

Table I lists mechanical properties and electrical con- 
ductivity found on samples of high strength aluminum 
bus conductor from four suppliers and on specimens of 
the standard architectural alloy, 6063-T6. American 
Society for Testing Materials 
(ASTM) standard test meth- 
ods were followed. 


circuit obtained for 


Typical 





Yield Strength (psi) 

Testing Ultimate 0.2 0.5 
Temperature, Strength Per-Cent 

Material psi) Offset 


Per-Cent 
Extension 
29,350 

29,700 28,000 
34,050 30.800 
31,300 29,150 
35,550 32,500 
33,650 31,300 
30,650 26,850 


27 25,300 


31,900 


Supplier A 
Supplier B 
Supplier C 


Supplier D 
,500 
6063-T6* 
Actual 31,300 2 
100 29,050 
Typical 25-30 35,000 
Specification 25-30 30,000 (min) 
EC-H13+ 
Typical 
Specification 
Coppert Hard 
Typical 25-30 
Specification 25-30 


; 27,000 
25,100 25,000 
31,000 


25,000 (min) 


25-30 1 
25-30 


7,000 
14,000 (min) 


16,001 
12,000 (min 


42,000 37 , 000 


33,000 (min) 


*ASTM Specification B221-54T (Alloy GS10A-T6) 
tASTM Specification B236-52T 

tASTM Specification B187-54 

§Parentheses indicate conversion values 

NOTE: 


silicon, 0.7 per cent magnesium, balance aluminum and normal impurities 
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Elongation 
in 2 Inches, 
Per Cent 


15 (min) 


Nominal composition of 6063 and of the high strength aluminum bus conductors listed in this table is 0.4 per cent 


Extruded High-Strength Aluminum 


specification properties are 
also given in the table for 
EC-H13 and forcopper. Itis 
evident that the electrical con- 
ductivity has been raised by 


the production control exer- 


Electrical 
Conductivity, 
Per Cent IACS at 
23 to 25 C 


Hardness 
BHN 500 Rr 


cised by the various suppliers 
of these bus alloys. These 
values can be compared with 
those of the architectural al- 
loy, which may havea conduc- 


Essentially full text of paper 56-224, pre- 
sented at the AIEE Winter General Meet 
ing, New York, N. Y., January 30-February 

(62) ) 3, 1956, and recommended for publication 
by the AIEE Committee on Switchgear. 
Scheduled for publication in AIEE Power 
Apparatus and Systems, 1956 
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Fig. 1. 


tivity as low as 50 per cent. It is likely that the conduc- 
tivity ordinarily supplied will be greater than shown here, 
inasmuch as these materials were ordered to be as close to 
55 per cent conductivity as practical, for the current-carry- 
Note 
also that the minimum tensile strength for copper is only 
3,000 psi greater than that for the new conductor. 


ing and short-circuit tests to be described later. 


CURRENT-CARRYING TESTS 
A SERIES OF TESTS was conducted to obtain the 60-cycle 
alternating current capacities of bus bars made of this 
particular aluminum The tests investigated 3- 
phase busses composed of flat aluminum bar using one, two, 


alloy. 

three, and four bars per phase. The cross-section dimen- 
sions are those shown in the current-temperature rise 
curves of Fig. 1. Their spacing and arrangement are in- 
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Current-temperature rise curves at 60 cycles for aluminum bus bars of various cross sections and in flat arrangement 


dicated in Fig. 2 and are those commonly used in low-volt- 
age metal enclosed switchgear. 

Ihe test bus was composed of 12-foot sections mounted 
on edge. The bars were not silver plated but in the “‘as- 
received”’ condition. The busses were mounted in open 
air on a rack as shown in Fig. 3. Air circulation was un- 


impeded, except for supports. The test area was sur- 
rounded by a wallboard partition forming an open top en- 
closure for eliminating air drafts. 

The bus-bar temperatures were measured by copper- 
advance thermocouples and a potentiometer calibrated 
degrees Centigrade. were 
Their 
longitudinal placement along a bus bar is indicated in 
Fig. 4. 


swaged into the bars at their center lines and lower edges. 


directly in Thermocouples 


a 


swaged into blind holes 3/8 inch from the top edge. 


At one location, additional thermocouples were 
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The ambient temperature was read by means of 3 mercury- 
in-glass thermometers placed in oil pots, suspended 1 
foot, 3 feet, and 5 feet from the floor and 1 foot from the bus. 

In order to determine the current-carrying capacity of a 
Bal- 
anced 3-phase currents of a magnitude such as to give a 


bus, three tests were made on each arrangement. 


low value of temperature rise were impressed on the bus 


for 1 hour. At the end of this hour, all thermocouple read- 


ings and room temperatures were recorded. Similar 


readings were taken every half hour thereafter until con- 
stant temperature rises prevailed. Usually, the constant 
temperature rise condition was reached after 4 or 5 hours 
of testing. During the entire period of a test, the 3-phase 


balanced currents were maintained at a constant value. 


SINGLE BARS 


eee ee 





THREE BARS 


TWO BARS 


4 SPACING BETWEEN PHASE CENTERS 














Fig. 2. Arrangements of bus bars 


asec 








Fig. 3. 





Fig. 4. Thermocouple locations on bus bars 
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View of aluminum bus with short-circuit supports and bus taps 


When this test was completed, the magnitude of the 3-phase 
currents was increased to a value expected to give a hot- 
The actual 
temperature rise in this instance was obtained in the same 
manner as in the previous test. A third point was found in 


spot temperature rise in the vicinity of 35 C. 


a similar way, the balanced phase currents being higher 
than in the second test. 
ture rise at zero phase current made up a fourth point. 
The current-temperature rise curves resulting from these 
are shown in Fig. 1. 


The condition of zero tempera- 


tests A careful comparison of the 
curves will show that there are no common factors relating 
the current capacities of multiple bars to a single bar 
This is due to skin, proximity, and mutual heating effects 
which vary with the size, proportions, and arrangement of 


the 


magnitude of the current. 


laminations and also with the 


CURRENT-TEMPERATURE RISE 


[HE SOLUTION of bus-bar prob 





lems is centered in the current- 
temperature-rise curves of Fig. 1, 
which are directly applicable to bare, 
unpainted, aluminum bus bars ex 
posed in still air. In many instal 
lations, the bus bars are enclosed 
FOUR BARS in metal housings in which the rate 


of heat dissipation is reduced. Pres- 





ent standards! for switchgear assem 
blies recognize a 50-C rise in bus 
the air ambient 


temperature over 


outside the switchgear enclosure 


For enclosed busses, the current 
ratings should make allowance for 
the effects of the enclosure and will 
generally be somewhat less than the 
The 


amount of allowance established re- 


curve values of a 50-C rise. 


quires consideration of such factors 


ee ee as size of enclosure, amount of venti 


sige Diaacanei lation, path of air flow, radiating 


effects of ends and bends, inter 


mittent loads, and nonuniform load 
ing where there are several tap con- 
nections. The design engineer, in 


choosing bus sizes for switchgear 


the 
curves by drawing upon the results 


assemblies, can supplement 
of temperature rise tests of typical 
enclosed units and upon the per 
formance record of operating equip 
reasonable 


ment in determining 


allowances for enclosure effects. 


SHORT-CIRCUIT TESTS 


SHORT-CIRCUIT TESTS were also 
performed in addition to the cur- 
rent-temperature rise tests just de- 


scribed. 
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In one series of tests, a 12-foot aluminum bus, having 
a 3- by 1/4-inch cross section and arranged in configuration 
A, was connected to a copper bus of the same cross section. 
The spacing between supports was the same for each bus. 
The purpose of the test was to make a comparison of the 
relative strength of the two busses and also to determine 
what spacing between supports was necessary to withstand 
adequately the magnetic forces resulting from various 3- 
phase fault currents. The magnitudes of the 3-phase fault 
currents ranged from 35,000 to 60,000 rms amperes (av- 
erage 3-phase asymmetrical). There was no marked dif- 
ference in strength between the copper and aluminum 
busses. Spacings between supports of 26 and 21 inches 
were established for fault currents of 35,000 and 60,000 
two Currents 


rms amperes respectively. These 


resentative of the interrupting ratings of some low-voltage 


are rep- 
circuit breakers employed in selective and cascaded systems. 

The final series of tests was made on an aluminum bus 
of 5- by 1/4-inch cross section arranged in configuration A. 
Three-phase fault currents of 100,000 and 150,000 rms 
amperes were impressed on the bus. Spacing between 
supports of 17 and 13 inches, respectively, were found to 


be adequate. These two values of short-circuit current are 
also representative of interrupting ratings of low-voltage 


circuit breakers used in selective and cascaded systems. 


CONCLUSIONS 


SEVERAL ALUMINUM SUPPLIERS have developed a new 
extruded and heat-treated high-strength aluminum alloy 
having a minimum electrical conductivity of 55 per cent 
of the International Annealed Copper Standard (IACS). 
This alloy provides a new source of suitable electrical bus 
conductor material for the rapidly expanding electric 
power industry. 

Current-carrying tests, performed on various sizes and 
configurations of bus’ bars made on this new material, 
give data for its application as a bus conductor for electrical 
equipment. 

Short-circuit tests indicate that a bus made of this new 


aluminum alloy can withstand electromagnetic forces 


caused by fault currents just as well as a bus made of copper 
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The largest vacuum melting furnace in the nation was 
tapped in December by Vacuum Metals Corporation at 
Syracuse, N. Y., under the supervision of James H. Moore, 
general manager. 

Jointly owned by Crucible Steel Company of America 
National Research Metals 
was the first commercial producer and the first fully 


and Corporation, Vacuum 
integrated producer of vacuum-melted metals and alloys 
in the country. 

This new furnace is remotely operated by the melter, 
who can control from one console the charging, mold 
The 


enclosed in a 3/4-inch thick air-tight and liquid-cooled 


transfer, and pouring operations. melting unit is 
stainless steel chamber, with connecting air lock chambers 
The 


design makes it possible to charge, melt, pour, and remove 


for charging raw materials and discharging ingots. 


ingots without affecting the vacuum in the melting cham- 
ber. The mold-handling mechanism makes it possible 
to cast ingots of varying sizes and shapes, either singly or 
in multiples, from a single heat. 

The design, which was based on five years of operating 
experience with such semicontinuous vacuum furnaces, 
was under the direction of Dr. M. H. Hnlicka of the 
of National Research Corporation. 
The furnace was built by the Equipment Division of 
National Research and installed by the engineering de- 
partment of the Sanderson-Halcomb Works of Crucible 


research division 


Steel, under the direction of W. K. Lowe, chief engineer. 
The new unit increases by 60 to 75 tons the monthly 
potential supply of vacuum-melted metal for industry. 
The products of this process are characterized by cleanli- 
ness and low gas content, with consequent higher elevated 
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temperature strength and ductility, and increased fatigue 
They 


use in critical applications in aircraft engines and in 


and impact strengths. have proved superior for 
machinery components requiring a quality unattainable 
from conventional metal. 

A number of experimental evaluations and production 
trials made from vacuum-melted metals in such important 
industries as aircraft, automotive, electronics, bearing, 
tool steel, nuclear energy, and many others have prompted 
the Vacuum Metals Corporation to be optimistic about the 
future and to look forward to providing additional furnace 
capacity to meet a growing demand for vacuum-melted 


metals. 
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An Evaluation of Butyl Rubber Insulated Cable 


J.C. CARROLL A. 


ASSOCIATE MEMBER AIEE ASSOCIATE 


arin lO THE DEVELOPMENT of butyl rubber, 
high-voltage ozone-resisting compounds utilized natural 
rubber, which requires complete protection by thoroughly 
dispersing the natural rubber in a vegetable oil derivative 
or “factice.”” This coated the rubber particles and pro- 
tected these highly unsaturated molecules from attack by 
oxygen, ozone, and ultraviolet light. These oil-base in- 
sulations, when carefully formulated and processed, have 
given excellent service within their limits of operating tem- 
peratures and environment. However, as with all materials 
such limitations do exist and, thus, generate the constant 
search for materials with improved inherent properties. 
[he early evaluations of butyl rubber insulations con- 
the this 


copolymer as being strongly resistant to oxygen, ozone, 


firmed theoretical excellence of **tailor-made”’ 
sunlight, heat aging, and other factors which normally 
attacked natural rubber or unsaturated elastomers. 

Various cable assemblies have been investigated by 
modern testing techniques, not only to determine their 
ability to meet operating conditions, but also to provide the 
designer with factory controls that further assure the user 
against defects that could lead to service outages. 

Data have been obtained on cables manufactured with 
butyl rubber insulation over a period of 11 years, supporting 
the theoretical conclusion as to the excellence of this material 
when used as a high-voltage solid dielectric. From these 


data, it is concluded that: 


rubber insulated cables 


1. Butyl 


resistance to the effects of oxygen and ozone. 


have exceptional 


2. Butyl rubber insulated cables show no evidence of 
sun-checking or surface weathering after long-time exposure 
to moderately corrosive industrial atmospheres. 

3. Extended temperature tests, up to 5'/» years, and 
numerous accelerated aging tests prove the ability of butyl 
These 
data permit the service operation of these cables up to 90 C 


rubber insulated cables to withstand heat aging. 


conductor temperature at 600 volts, and 85 C from 601 to 


15,000 volts, with the assurance of long economic life. 
These tests, as well as load-cycle aging tests, demonstrate 
the ability of these cables to operate up to 125 C conductor 
temperatures (depending on voltage rating) under emer- 
gency loading conditions for periods of 100 hours per year. 

4. Butyl 


resistance to moisture absorption at elevated temperatures. 


rubber insulated cables have exceptional 


5. Assured absence of internal ionization in cable 


constructions is essential, particularly at higher voltages. 
Use of corona extinction voltage detecting equipment as a 
Digest of paper 55-668, “Design and Evaluation of Butyl Rubber Insulated Power 
Cable,”’ recommended by the AIEE Committee on Insulated Conductors and approved 
by the AIEE Committee on Technical Operations for presentation at the AIEE Fail 
General Meeting, Chicago, IIl., October 3-7, 1955. Scheduled for publication in 
AIEE Power Apparatus and Systems, 1956. 
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quality control procedure results in improved cable design 
and provides assurance of freedom from internal ioniza- 
tion. 

6. Dielectric strength of butyl rubber insulated cable 
is more than adequate for all service conditions. ‘Tests 
have shown that the impulse strength and switching surge 
strength are in excess of values normally expected to be 
encountered. 

Butyl rubber insulated cables designed with proper 
types of conductor and insulation shielding retain thei 
ionization levels after bending and temperature cycles. 

8. Load-cycle testing, with and without overvoltage, 
demonstrates the ability of butyl rubber insulated cables to 
retain their excellent thermal and electrical properties under 
conditions of thermal expansion. 


From 1944 to 1955, a total of 13.5 million conductor feet 
of butyl rubber insulated power cable has been produced 
by the company with which the authors are associated. 
This cable ranges in conductor size up to and including 
1,500 MCM (thousand circular mils), and in voltage ratings 
up to and including 15-kv ungrounded neutral, and repre- 
sents 10,270 mile-years of operation. Although the early 
service experience was relatively unsatisfactory due to un- 
foreseen difficulties in applying the new material, the pro- 
gram of better shielding and corona-level testing, coupled 
with improved manufacturing techniques, has resulted in 
an excellent service record. Included in the total pro- 
duced since 1949 is 2.8 million feet of 15-kv cable which 
has operated with only one service failure attributable to a 
manufacturing defect. 

Therefore, although this insulation is relatively new in 
comparison with the older types of natural rubber and oil- 
base compounds, it is apparent that its inherent character- 
istics, as well as its widespread utilization to date, will make 
it even more attractive to power-cable users in the future. 
Even though the prewar rubber compounds have enjoyed 
an enviable record of service, it is doubtful that they have 
been called upon to operate up to full capacity for a very 
large percentage of their life. Yet it is well known from 
annual statistics that the kwh output per kw of installed 
capacity has been steadily increasing for the last 20 years. 
It is, therefore, a safe assumption that a great many cables 
in the past have operated at full capacity only a small 
percentage of the time and that they will be fully loaded in 
the future. ‘This means that for a given maximum allow- 
able copper temperature, the over-all average temperature 
will be considerably higher than it was 20 or 30 years ago. 
If this average increase is in the order of 10 C, it is probable 
that the life of cables utilizing the older types of insulation 
The increased loads and overloads of 
“tailor-made” insulations as 


will be cut in half. 
the future will require such 
butyl rubber. 
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HE OPERATION of an electrical network may be 

defined by means of driving-point and transfer im- 
pedances. According to the American Standard Defini- 
tions of Electrical Terms, the driving-point impedance at 
any pair of terminals of a network is the ratio of an applied 
potential difference to the resultant current at these 
terminals, all terminals being terminated in any specified 
manner. Similarly, the transfer impedance between any 
two pairs of terminals of a network is the ratio of a potential 
difference applied at one pair of terminals to the resultant 
current at the other pair of terminals, all terminals being 
terminated in any specified manner. 

Driving-point and transfer impedances as a circuit- 
analysis technique have been widely used in such electric 
utility engineering problems as load-flow, short-circuit, 
regulation, stability, and transmission-loss studies. In 
stability studies, the driving-point and transfer impedances 
are measured with all other terminals being short-circuited. 
In other studies, the driving-point and transfer impedances 
are measured with all other terminals open and are then 
designated as self and mutual impedances. 

The self and mutual resistances of the transmission system 
are used in several methods of calculating transmission loss 
formulas. These obtained by 
measurements on the network analyzer and then transcribed 
to punched cards for calculations undertaken by an auto- 


resistances are usually 


matic digital computer. 

Three digital methods of calculating self and mutual 
impedances that have been successfully programmed for an 
automatic digital computer are described. Method I is 
an application of Gabriel Kron’s method of analysis of 
stationary network, and involves straightforward matrix 
Method II defines the network in terms of 
tracks and loops, and determines the solution by super- 


operations. 


imposing a set of balancing currents upon an assumed set 
of currents. Both of these methods are direct, in that the 
answers produced are accurate within the precision carried 
Method III is an iterative method 
in which an assumed set of voltages is successively improved 
until satisfaction of Kirchhoffs laws has been achieved 


in the problem solution. 


within the precision desired in the problem solution. 

The specific computer used by the authors in the develop- 
ment of these methods was the International Business Ma- 
chines Corportion (IBM) Type 650 magnetic drum data 
processing machine shown in Fig. 1. A summary of the 


time required for this machine to obtain the self impedances 
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and approved by the AIEE Committee on Technical Operations for presentation at 
the AIEE Fall General Meeting, Chicago, Ill., October 3-7, 1955. Scheduled for 
publication in AIEE Power Apparatus and Systems, 1956. 
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Fig. 1. installation in General Electric 


Company analytical engineering section 


Type-650 computer 


of all generators and the mutual impedances between the 
generators and all busses is tabulated below for a system 
consisting of 30 busses, 38 lines, 14 loops, and 5 autotrans- 
formers representing off-nominal turn ratios, as follows: 
Method Computer Time in Hours 
I 4 
I 
UI 2 

Method I requires a shorter program, but more data 
storage than Method II. These two programs are pre- 
pared for a maximum of 15 loops and 60 lines but may be 
extended by using cards as temporary storage. Methods I 
and II require the inversion of a matrix equal in size to the 
number of loops and, consequently, are both limited in this 
respect. 

These three methods offer several distinct advantages over 
previous analogue methods: 


Much greater degree of accuracy is obtained. 


1: 
2. Vastly lower cost per operation becomes possible. 
a 


Set-up time is very small as general programming 
decks are available. 

4. They eliminate the necessity for transcribing network 
analyzer results to punched cards, and the associated time 
and possibility of error when these self and mutual imped- 
ances are required for digital-circuit studies. 


The techniques described may also be applied to the 
determination of driving-point and transfer impedances for 
cases in which the terminals are terminated in any other 
specified manners. 
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Substations in Residential Areas 
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For good public relations, a utility must give 
consideration in substation designs for resi- 
dential areas to such factors as appearance and 
noise. A number of modern installations are 
described, which have been successfully used 
in making substations less conspicuous and, 


thus, more acceptable to nearby residents. 


S ELECTRICAL-UTILITY LOADS continue to 
A grow and the distribution systems become more 

dense, it usually follows that distribution substations 
become more numerous and closer together than formerly. 
In general, the proper size, spacing, and location of sub- 
stations are matters of engineering and economics, and can 
be readily determined for a particular utility system. 
Such calculations usually point up the importance of 
placing the substation very close to the theoretically ideal 
location, even though special measures may be necessary to 
meet the requirements of the surrounding community. 

In urban and suburban sections, this results in many of 
the substations necessarily being located in residential or 
commercial areas, sometimes of a very high type. Al- 
though acquiring the desired site can be quite a problem, 
the matter of public relations is usually the overriding 
consideration. 

This article discusses items which are important because 
they frequently have a bearing on the latter. Illustrations 
Figs. 1-6) are typical examples of various aspects of the 
problem and the ways in which they have been met. 
[hree major considerations are: 


1 Appearance. 


I'he feature of a substation most fre- 
quently of concern to the surrounding residents and others 
is its appearance. This has many significant aspects and 
can be coped with in many different ways. (Appearance 
will be presented in a brief manner and with photographs 
with descriptive captions. ) 


2. Notse 


and 
the 


This important consideration relating to noise 


Another feature of special concern, 


strongly so when present, is noise emanating from 


station 


Full text of conference paper CP 56-42 presented before a session of the AIEE Com- 
mittee on Substations, AIEE Winter General Meeting, New York, N. Y., January 30- 
February 3, 1956 
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from substations and how they may be dealt with will be 
covered only briefly here.) 

3. Zoning. Before construction may begin for a new 
substation in a residential area, it is necessary, of course, to 
comply with local regulations to obtain a zoning variance 
permit, to take appropriate steps to have the regulations 
modified, or to secure special authorization in cognizance 
of the need. 
necessary for, in most instances, this is not the case. 


It is not to be implied that rezoning is usually 


APPEARANCE 


For Public Acceptance. From an appearance standpoint, a 
substation will be acceptable to the nearby residents if it has 
been adapted to the neighborhood. The treatment which 
the public sees should be such that it blends in with its 
surroundings, that the over-all impressions it gives are 
pleasing ones, that it is unobtrusive, and insofar as possible 
that it will enhance the appearance of the nearby properties. 
If this is done, it will not only receive acceptance in that 
neighborhood, but also will create favorable impressions in 
the minds of residents of other localities where similar in- 
stallations may be proposed. It is believed that this will, in 
time, correct the inherent opposition to substations which 
now seems to exist in the public mind. 

Obviously, different types of residential areas and dif- 
ferent types and sizes of substations call for different treat- 
ment as to appearance. In some instances, only a neat and 
safe arrangement together with good maintenance will 
be required. Generally, substations facing a street or 
roadway in a residential neighborhood will need to be 
enhanced—from the public’s viewpoint; most often this is 
achieved through landscaping, screening walls, careful 
design, or attention to details. 


Landscaping. Suitable landscaping, along with proper 
planning of the substation arrangement and details will, in a 
large number of cases, fulfill the need for de-emphasizing 
the equipment and meeting the requirements for pleasant 
appearance. The plot plan, aided by advice from a person 
experienced in landscaping, should recognize topography, 
existing trees, other natural features, and the surroundings. 

A number of general planting schemes may be followed 


for the landscaping. Some principal types are: 


1. Diversion planting does not completely hide the 
substation but diverts attention from the equipment by 
creating one or more attractive “‘focal” areas, such as 
shrubbery groupings, specimen trees, expanse of lawn, or 
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Fig. 1. 
ment is not required by surrounding residents; the neat and 


An example in which landscaping or other special treat- 


well-kept appearance become distinct assets, however. 


+ 
< 


x 


Fig. 3. 
‘‘absorb”’ the substation; the tall spruce trees in front of fence 
Overhead 
line structure is as simple as possible, but by painting it a dark 
color it would be made less prominent. 


An example in which ample background foliage tends to 


will fill-out and hide the transformer in a few years. 


combinations of these. Where it can be used, this scheme 
is usually preferred and the most attractive. 

2. Complete screen planting attempts to fully hide the 
substation, or nearly so. Usually, this is employed where 
there are no overhead circuits or structures and it is nec- 
An attractive 
appearance may be more difficult to obtain with this plan. 
the sub- 
station is in a building which fits in with the houses or 
In this case, the planting is intended to 
tie the building to the ground, to enhance the looks of the 
place, and to harmonize with the surroundings. 


essary to entirely obscure the equipment. 
3. Residential-type planting is used where 


buildings nearby. 


4. Modest or partial planting is used where circum- 
but where for 
good public relations it is desired to avoid the stark in- 
While 
this will apply mostly to stations in undeveloped areas, 


stances demand little or no landscaping, 
dustrial look of an entirely unadorned substation. 


there will be instances where planting is optional in urban 
areas, such as declining residential sections, mixed resi- 
dential-commercial streets, and “inside” locations—as a 
substation to the rear of a lot. Simple treatment will 
usually be quite effective for this type, such as a few group- 
ings of common shrubs, trees if appropriate, and an or- 
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Fig. 2. An unpretentious landscaping job in which no attempt is 
made to hide the substation but rather to direct the eye to points 
of interest, such as the plantings at the center and at the left: 
also, note the minimum structure for the incoming line. 





Fig. 4. 
almost completely screening it with reasonably tall evergreens. 


Partially depressing the substation equipment assists in 


It is frequently necessary to achieve such an effect from the very 
start; such plantings approach the maximum size which it is 


practical to transplant. 


This but 


plainer and less expensive than scheme 


dinary lawn. may be considered as similar, 


Landscaping done early, even before the equipment is 
installed, is often effective in avoiding unfavorable com- 
ments and objections based on false notions. Also, sub- 
mitting landscaping plans to the local garden club o1 
voluntarily conferring with the neighborhood association 
will develop a feeling of common interest and even pride on 
their part. 

Screen Walls. 


landscaping are required. 


Less often, more expensive measures than 
This may be an ornamental 
wall along one or more sides, as a garden wall with orna- 
mentation and landscaping. Or it may be walls to look 
like a building, but without roof and possibly without rear 
instances, it has been necessary 


or side walls. In some 


to erect a complete building to house the substation, 
making the building harmonize with those nearby, as a 
that 


relatively few in number and are becoming proportionately 


residence. It is believed, however, such cases are 


less. 


Design. Improved appearance can also be realized 


through appropriate design of the substation and selection 
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A 


Fig. 5. When is a substation not a substation?—When 


of its equipment. Probably the most common application 
along this line is the “‘unit-type substation” with its stream- 
lined equipment—usually just metal enclosed switchgear 
and transformer. As a rule, this is used with cables for the 
outgoing circuits, and when the supply is also in under- 
There 


are, of course, very many instances where this is not de- 


ground cables the streamlining is about complete. 


sirable or practical and switching structures are required. 

Care in design can enhance the appearance; suggestions 
for this are: simplify the layout, keep the structure low, use 
steel rather than wood, and use a minimum number of 
members. Obviously, there are many combinations and 
variations of the foregoing, as well as other design features. 
One worthy of mention, which has been employed in a 
number of instances, is to depress the tall equipment—as the 
transformer and the tower, if any—by placing it in a pit. 
[his has been used to permit screening behind a wall of 
reasonable height, for easier screening behind landscaping, 
or to secure uniform height with the switchgear for better 
over-all appearance. 


Details. 


used to render the substation less conspicuous and, thus, 


Attention to Many other measures have been 


make it more acceptable in the neighborhood. One is to 
choose a paint color to blend with the surroundings and use 
it for the entire substation, including steelwork and fence. 
Ideas vary as to exact shade, but run through dark greys 
and quite a range of greens. Another measure is to omit 


the driveway, and in some cases even the walkway, to 
avoid carrying the eye from the street to the substation. 
Where 


gravel or dark stone rather than limestone chat or concrete. 


a driveway must be provided, top it with fine 


Then, by using grass generally within the substation yard 


and surfacing only a minimum area around the equipment 
with chat, concrete, or other white reflective material, it has 
been found that the enclosure does not “‘stand-out”’ and the 
industrial look is avoided. 

Care in the placement of the equipment on the property 
can be important. Where practical, appearance may be 
helped by: putting its least obtrusive or ‘‘best-looking”’ 
side toward the street, as the end of the switchgear if a 
unit-type substation; by placing it as far back from the 
street as possible; or by locating it among or behind a grove 
of trees if present, etc. 

Build 


it as low as is considered safe for the neighborhood, omit the 


Still other expedients are to “‘work on”’ the fence. 
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it’s an attractive residence. 
necessary and justified by local conditions (A) front view from street; 


An example of what can be done if it is 
(B) cutaway view of interior; and (C) view from back. 


barbed wires where safe to do so, or get away from the 
common chain-link fencing on iron pipes and use wrought 
iron or one of the many types of wood fences. These are 
suggested to further get away from the industrial look. In 
some instances the fence has been omitted entirely; with 
totally enclosed equipment having securely locked or 
fastened doors and covers, this rather bold step has been 
found satisfactory in appropriate instances. 

While appearance from the public’s standpoint is an 
increasingly important factor in substations located in 
residential areas, many distribution substations are located 
in nonresidential locations and to them these remarks do not 
necessarily apply. 


NOISE 


Requirements To Satisfy Neighbors. Just as appearance, 
noise from a substation must also be acceptable to nearby 
residents. But it is usually less practical to anticipate their 
reactions or, for that matter, to know with certainty just 
what the sound level will be at the trouble spot—invariably 
the neighbor’s bedroom window—so the noise problem, 
when present at all, is usually acute and difficult to cope 
with. 

Because this report is concerned with substations in 
residential districts, the daytime ambient sound level of the 
neighborhood is not as much of a factor as might at first be 
expected. When complaints of substation noise are regis- 
tered by nearby residents, they usually contend that they 
are bothered at night—that intermittent overriding sounds 
are not as disturbing, however, as the unceasing “Shum”? of 
the transformers. 

The ideal condition is that the transformer be com- 
pletely inaudible. This is a stringent requirement, for 
the transformer component of the sound at the point of 
complaint would have to be lower than the ambient. 
Experience has shown, however, that in most cases the 
transformer does not have to be entirely inaudible; its 
sound will be acceptable if it is about equal to or even 
slightly above the ambient at the point of complaint. This 
is offered as a probability, not as a positive formula, for it is 
not believed that one is possible. The problem involves as 
much, or more, personal psychology and human relations 
as engineering, and a satisfactory condition in one instance 
may be unacceptable in another. 
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How to Treat the Problem. The noise problem may be 
dealt with in different ways: (1) When it can be antici- 
pated, special design or equipment may be employed to 
avoid it; (2) In choosing the substation site, the possibility 
of noise complaints is an important factor to be considered 
and may well be the deciding one; (3) In planning the 
layout on the lot, it will be wise to place the transformer as 
far as possible from nearby residences; (4) If necessary, 
the sound can be confined or absorbed; and (5) In some 
instances it may be expedient to “‘take a chance” on it and 
hope for the best, providing there is a practical way out 
should corrective measures be necessary later on. 

In any event, to mitigate the noise usually costs real 
money. ‘This will be treated under two general categories: 


(1) using “quiet” equipment; and (2) confining or 


absorbing the sound. 


Quiet Equipment. Use of quiet transformers, as well as 


other equipment, are a matter of economics. Frequently 
standard transformers turn out to be of lower sound level 
than National Electrical 


Association limits but, of 


prescribed by Manufacturers 


course, this is not assured or 


guaranteed. ‘Transformers guaranteed of lower than 
standard level are available at increased cost, but with the 
steps of sound-level reduction being relatively small and at 
cost increments which become disproportionate for ap- 
preciable sound reductions. So the need for the lower 
sound must be weighed against its cost. This decision is 


made difficult by the knowledge that a standard trans- 
former might turn out to be more quiet than prescribed. 
The problem is further complicated by not knowing what 
the noise level must be; i.e., being unable to predict just 
what over-all sound level will be acceptable to the nearby 
residents. These latter considerations lead to investigation 
of other measures, which will often be found preferable. 

While rarely possible, there have been cases where 
“swapping” transformers gave a quiet one where needed. 
For example, two quiet transformers which happened to be 
in a substation in an industrial district were interchanged 
with two noisy ones at a substatidn with a noise problem, 
after which “everything was lovely.” Obviously, such 
possibilities are few, but the idea is mentioned as worth 
further checking. 

It should go without saying, of course, that upon learning 
of a noise problem after installation, the first thing to do is 
to thoroughly check the transformer and other equipment 
in the substation for vibrations and rattles of accessories, 
conduits, radiators, etc. Such sounds have been known 
to be the cause for the noise complaint; usually they are 


easily damped or eliminated. 


Containing the Sound. Any discussion of the means of 
confining or absorbing the sound should also explain 
the nature of transformer sound. As is known, it results 
from magnetostriction of the core iron which, for 60-cycle 
voltage, occurs 120 times per second. The total sound from 
a transformer is comprised of 120-cycle frequency tones 
and many harmonics, but usually with 120 or 360 cycles the 
strongest. This means long wavelengths, which are the 
most difficult to intercept or absorb. To completely 


analyze the pattern, to predict the attenuation of the various 
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harmonics, and to specify the type of materials and design 
of structure to accomplish the required sound reduction 


becomes a very technical problem, mostly in physics. 

Fortunately, such a rigorous approach is not required, 
except possibly for the extra troublesome cases. In most 
instances, an analysis of the conditions and some general 
engineering knowledge of the subject are sufficient. 

Sound is usually controlled in one of two general ways— 
by confinement, or by absorption. For the first one, mass 
is needed and generally a bit of extra size, because there is a 
tendency for sound to spill over the top and around the 
for the second 


open ends of confining barriers; one, a 


porous material is needed—and the lighter and thicker it is 
the more effective for the low frequencies to be absorbed 
Sound barriers utilize one or both principles. 


No attempt has been made to study ail of the 


many 
kinds of sound barriers, which might be applied, or to deter- 
mine the amount of reduction to be expected from them. 
Rather, typical examples are described, ranging from very 
simple ones for slight reduction to quite elaborate ones for 
considerable improvement. All of these are assumed to be 
vertical barriers, which are mounted independently of the 
transformer, and of such dimensions and enclosing such 
sides of the transformer as conditions warrant, as discussed 


later. 
Sound Barriers. Typical barriers that may be used are: 


1. Masonry 
concrete, or 


(Fig. 7A). 


wall of concrete blocks, bricks, poured 
other materials; reinforced as required 

2. Same as 7, except with inclined canopy toward and 
possibly partially over transformer; canopy of asbestos 
lumber or corrugated metal with underside lined with 
acoustic ceiling-type tiles treated for weather and fire 
resistance (Fig. 78). 

3. Structural steel frame on which are mounted sound 
absorbent panels, consisting of sheet metal pans filled with 
fiber glass treated for weather resistance and retained in 
place by hardware cloth on the face toward the trans- 
former; thickness and density can be varied (Fig. 7C) 

4. Double masonry wall with 2- to 6-inch space be- 
tween; space to be dead air or filled with heat insulating 


rock 


When such walls are used it is usually with a com- 


material such as fiber glass, wool, vermiculite, or 
other. 
plete or partial roof or with the walls extending appreciably 


Fig. 7D). 


bent panels 


above the transformer to intercept the ‘“‘spill” 


5. Combine 3 with 7; i.e., sound-absor 


mounted on the transformer side of masonry walls (Fig. 
TE). 

6. An elaboration of 5 wherein the sound absorbent 
material is 6-inches thick, of chosen density, and mounted 
with a 12-inch air space between it and the masonry. 
The air space is divided vertically by thin sheets spaced 


according to the wavelength of the prevailing frequency. 


built around two 


100,000-kva transformers in a transmission substation and 


Barriers of the latter design were 


corrected a serious noise problem. 


The location, extent, and size of the barriers are of im- 
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portance, too. Following are a few general rules for over- 


all guidance: 


1. The barriers should be as close as practical to the 
transformer. Space must be allowed, of course, for venti- 
lation, operation, and maintenance; while theoretically 
possible to get them too close, practical considerations nor- 
mally preclude that. They should extend to the ground 
except in very special cases. 

2. They should be higher than the transformer, if pos- 
upon the distance from the 


transformer and the distance to the complaint (sound 


sible; the height depending 


waves travel in great arcs). 

3. Ifthe trouble spots are in only one direction from the 
transformer, the barrier should be on that side of the trans- 
former plus full or, at least, partial barriers on the two 
right-angle sides. If there are residences close by in 
several directions, a 4-sided enclosure, or nearly so, may 
be required. 

4. Ventilation must be considered if the barriers sur- 
round the transformer; this may lead to placing the bar- 
riers farther from the unit than noise considerations alone 
would dictate. Auxiliary fans can be used if necessary. 

5. If the enclosure is less than complete (three sides or 
less), increased sound in the direction of the open end may 
be encountered; also, sound reflection may occur from 
buildings or other equipment in the direction of the open 
end. 

6. Descriptions of devices which emit counter fre- 
quencies to largely cancel the transformer sound have ap- 
peared in the press, but the authors of this report lack ex- 
perience on these at this time. 

7. Outdoor switchgear might be counted upon as an 
effective sound barrier in the direction it is situated and to 
the extent it embraces the transformer. The same is true 
of buildings, if any, in the substation. 

8. Trees or shrubbery have no measurable effect in 


blocking or absorbing transformer sound. 


In some instances it may be a good plan to omit cor- 
rective measures from the original installation, but allow 
for them in the basic design so they can be added later if 
found necessary. With the great number of variables and 
unpredictables involved, there is often the possibility that 
ifter going in service it is found that nothing special is 


needed 


FGF GHFER see veers 


Fig. 6. The “last word’’ in beautifying a substation. The 
principal part of this station is unroofed and its walls are of precast 
construction. 


ZONING 

IN CONSIDERING residential areas only, it follows almost 
automatically that substations are not welcome, as general 
zoning restrictions are intended to permit only residential 
construction in such areas. As a rule, the admission of 
substations will be through special dispensation of one 
form or another. Therefore, this discussion of the subject 
of zoning will concern such dispensation or, in other words, 
what is involved in obtaining the permit to build the sub- 
station? 

Obviously, regulations and laws vary in different cities 
and states so the best approach will depend upon the local 
situation. Some ways of dealing with the problem and 
factors to be considered are: 

1. Variance Permit. Apply to the appropriate local 
officer or board for a variance (or use) permit which, in 
effect, is a request to use the property because of the public- 
service nature of the substation. Frequently, the permit 
is granted forthwith, or after ‘‘routine’’ consideration. 
When delayed, the request will often involve a_ public 
hearing and will probably entail a carefully prepared 
presentation. Some cities require that all property owners 
within a stated distance be personally contacted and their 
agreement or disagreement 
having jurisdiction. This opportunity to 
thoroughly and individually explain the project. 

If granted, the permit will frequently contain special 
features to which the applicant has agreed, such as preserv- 
ing existing trees or shrubbery, submitting landscaping 
plans for approval, specifying type of fencing or driveway, 
and including the presence or absence of overhead struc- 
ture, etc. 


reported to the authority 


provides an 


Many utilities prefer this plan as being the least formal, 
most likely to preserve good public relations, and usually 
encountering the least delays. 


2. Rezone. 


Approach the legislative body of the munici- 
pality, requesting that the proposed location be rezoned for 
the proposed use. This is almost certain to call for a public 
hearing, and may not be essentially different from that of 
point 7, except that it is before a legislative rather than an 
administrative body. This form of request will usually 
be the next step if an initial request, as under point /, is 
denied and for that reason some companies prefer it as the 
first approach. 

3. Utility Exempt. The utility might claim that it is not 
subject to zoning ordinances which hamper its rendering 
adequate service and might employ court action to force the 
issuance of the permit. All will agree that this method is 
not desirable, except possibly as a test case for use in pressing 
other cases at a later date. 

4. Site Exempt. Appeal to the state’s utilities com- 
mission to exempt the proposed site from the local zoning 
ordinance, where such statutory provisions exist. This also 
involves a public hearing, a carefully presented case, and 
personal contacts of nearby residents are usually advisable. 
Some utilities (in states where applicable) have followed this 
course with reasonable success. 

5. Revise Ordinances. As a long-range approach, it has 
been suggested that endeavors be made to obtain revision 
of zoning ordinances, so as to establish clearly the right of a 
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public utility to install equipment in locations where 
needed, subject to appropriate regulation as to the manner 
of sodoing. The installation permit would then be granted 
by an administrative officer, subject to such reasonable regu- 
latory provisions as necessary for adequate protection of the 
community. This procedure would eliminate the trouble- 
some public hearings needlessly arousing ill-founded op- 
position, and would avoid legislative and legal delays 
presently impeding necessary projects. 

Related to this is a plan now being followed or recom- 
mended in many newly developed areas whereby the 
subdivisions are platted with space allotted for necessary 
utilities. It should be the responsibility of the subdivision 


developer to consult the utility on this point. 


Meeting or Avoiding Objections. It is to be admitted that, 


in many instances, appearance or noise, or both, will be of 


concern to surrounding residents or local authorities, 


and appropriate measures must be employed to make those 


acceptable. Usually, this will involve some of the ex- 


pedients covered in the foregoing sections. Unless they 


become too elaborate, it will usually be preferable to 
employ them than to relocate the substation at a site less 
desirable from a transmission and distribution standpoint. 
location of nonresidential 


Of course, if an alternate 


character is available, it should be used, providing it is 


favorable to economic and system conditions. If the 


alternate is industrial in character, there should be no 
zoning problem. If commercial, there may still be troubles 
because of restrictions, depending upon the type of the 
Ob- 


jections will usually be easier to overcome than in residential 


commercial area and the attitude of its occupants. 
areas, although the satisfying measures, as well as the 
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property costs, will probably be much more expensive. 

There have been instances where objections of potential 
neighbors were overcome and ‘“‘variance permits” obtained 
by placing the substation toward the rear of the property, 
especially where the lot was quite deep. Then after reserv- 
ing a driveway strip, the front of the lot was sold and built 
upon, resulting in the substation being effectively screened. 
These may be unusual or fortunate cases, but the idea is 
something to bear in mind in selecting sites. 

Another method which has been used and has received 
considerable publicity is to comply with residential require- 
ments; i.e., to enclose the substation in a building to 
harmonize with the surrounding residences, making the 
substation look like an attractive residence. This method 
has been very effective where local conditions required 
and company policies permitted its use. 

As stated, the best approach for obtaining permits unde 
zoning and other legal restrictions will differ with local 
conditions and laws, system economics, and company 
policies. ‘The foregoing is simply to call attention to many 
of the alternative means which can be employed 


GOOD PUBLIC RELATIONS 


IN CONCLUSION, it is repeated that for substations in 
residential areas special attention should be given to ap- 
pearance and noise to obtain acceptance by surrounding 
that the 
public’s opinion of a substation will gradually change from 


residents. Through this means it is believed 
an unfavorable one, as exists in many quarters today, to a 
favorable one in the future. Furthermore, such improve- 
ment will be reflected in other aspects of customer relations 
and in the over-all sentiment of the public toward the 


electrical utility serving them. 


Distribution Substations 





Roll Welding Precious Metals 
for ‘Telephone Contacts 


A. L. QUINLAN 


MEMBER AIEE 


The roll-welding process for certain industrial 
applications has presented a number of ad- 
vantages including the saving of precious metal 
and lower production costs. As explained, the 
weldability of a design is determined by cal- 
culation of the effect of the shunt-current path. 


HE ROLL-WELDING PROCESS has been used for 
Western Electric Company for fabricating 
tapes for precious-metal contacts. 


years a 
A thin strand of 
palladium, a few thousandths of an inch thick and about 
0.010-inch wide, is roll welded to a nickel tape of larger 
section to facilitate handling of the short lengths which are 
required in the contact-welding machines. Many millions 
of contacts are needed in the telephone equipment manu- 
factured each year, so that many contact welders are in 
use. 

Several years ago, a special roll-welding machine was 
developed to reduce the contact-welding cost on crossbar 
switches. With this machine, the contact tape is roll 
welded to strip stock for sp~ings before they are blanked 
from the stock. This has proved to be the most economical 
method of producing the precious-metal contacts. 

More recently, the introduction of the Bell System’s wire 
spring relay has required the roll welding of much heavier 
Palladium, 0.010-inch thick 
0.042-inch wide, must be welded to opposite edges of a 


precious-metal tapes. and 


cupro-nickel base section, 0.042 by 0.079 inch, to make a 


% aay . 
DEGREASER*\ WELDER 


AUTOMATIC POWER CONTROL 
WIRE BRUSH~ ROLLING MILL~ 


Fig. 1. Roll welder for double-cap tape 
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*“‘double-cap” tape. In a subsequent welding machine,} 
this tape is cut into short lengths as it is welded to the 
ends of wires to form the common contacts in the wire 
spring relay. In this construction, the problem of the 
welded portion of the precious-metal tape, acting as a 
heavy current-carrying shunt across the welding electrodes, 
is very pronounced. The large currents involved when 
high-conductivity metals are welded may soften the metal 


under the electrodes, producing rough-surfaced contacts. 


y 
Fig. 2. (top) Bar- 
welded spring 
multiple. (bottom) 
Roll-welded spring 
multiple 


| 
TEST TANGS CONTACTS—— 
/ 


ld 


A method of calculating the relative importance of the 
current in the short circuit, as compared to the weld current, 
has been developed. This method may be used for evaluat- 
ing design features such as metals used, weld spacings, and 


dimensional changes, before building a welder. 


ROLL WELDERS 


THE ROLL WELDERS are substantially the same for each 
of the jobs described, i.e., welding contact tape to flat 
stock for blanking spring multiples, and welding the heavy 
sections of contact tape for wire relays. The details for 
guiding the stock may be varied. The welder line, shown 
in Fig. 1 for heavy contact tapes, is typical. The base 
strand is pulled through the machine by a roll puller, 
located just out of the picture to the right. The speed of 
the tape through the line is chosen so the 60-cycle weld 
energy with pulse peaks 1/120 second apart will be spaced 
along the tape at the best intervals for adequate strength. 
The strip is degreased, wire brushed, welded, rolled in a 
sizing mill, and coiled on a reel. Electronic heat control is 
provided, which sharpens the rise rate of the current pulses 
and holds constant the power applied to the weld zone. 
Voltage-drop brushes on the electrodes and a current 
transformer in the weld circuit furnish a signal to the control 
unit. This unit holds the power at any setting up to 1.5 kw 
regardless of variations in circuit resistance or line voltage. 





Full text of paper 55-762, “Roll Welding Precious Metals for Telephone Contacts,’’ 
recommended by the AIEE Committee on Communication Switching Systems and 
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The cooling water liberally supplied to the weld zone also 
reduces oxidation. 

Ball bearings are used to assure free rotation of the elec- 
trodes. The head casting is made of aluminum to reduce 
its mass. It is free to respond in a vertical direction, guided 
in ball-bearing ways. 

Accu- 
rate alignment between the base-metal and the precious- 


The electrode pressure is set at about 40 pounds. 


metal tapes carried in electrode grooves is provided for by 
a micrometer axial adjustment of the upper electrode 
head. 


ROLL WELDING CONTACTS FOR CROSSBAR SWITCHES 


‘THE COMMON MULTIPLE SPRING used in crossbar switches 
Previous to 
roll welding, the springs were made with broad tangs 


has 20 contact points, as shown in Fig. 2. 


In order to nest 
two springs for the economical use of precious metal by the 


carrying two contact points (Fig. 2, top). 


roll-welding method, the tangs are made narrow (Fig. 2, 
Several 
200-foot coils of strip stock are connected by butt brazing 


bottom). The welding head is shown in Fig. 3. 
into 1,200- to 1,500-foot coils before roll welding to avoid 
The take- 
up reels for the welded coils are made large enough in 


many stops of the welding line for rethreading. 


diameter to prevent the coiled stock from taking a per- 
manent set, which would result in bowed parts. The weld- 
ing line, shown in Fig. 4, operates at about 1,200 feet per 
hour. 

The blanking tool, shown in Fig. 5, is of the multistage 
type: (1) a short length of the tape from the portion of the 
stock used for the large test tang, which must not have a 
contact, is sheared off; (2) the precious metal between the 
tangs, which is not required, is removed; and (3) the blank- 
ing is completed, freeing the two spring multiples with all 
contacts in place. 

Because all length dimensions including contact lengths 
are determined by the die and, therefore, can be held much 
more accurately than when welded by the previous in- 
dividual contact welders, a 20-per-cent reduction in 
contact length with resulting precious-metal saving is real- 
ized. Also, the effectiveness of cleaning operations in the 
line makes it possible to use a less expensive brass strip 
Previous attempts to make 
this change prior to roll welding were unsuccessful, because 


stock instead of nickel silver. 


CONTACT TAPE 
WIRE 
BRUSH 
NICKEL SILVER }  -STRIP PULLER 
STRIP 1 \ 
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DEGREASER 


Fig. 4. 


FEBRUARY 1956 


STORAGE 


Fig. 3. Roll-welding head for spring multiples 


of the difficulty of keeping the brass bright until welded. 

Weld strength of the contacts is determined with a shear 
gauge, calibrated in pounds. A typical distribution is 
shown in Fig. 6. For control-chart purposes, the weekly 
average strength of —4e is being held to a minimum of 


20 pounds. 


DOUBLE-CAP TAPE 


THE GENERAL CONSTRUCTION and dimensions of double- 
cap tape are shown in Fig. 7. The cap metal is normally 
palladium and the base metal is cupro-nickel (70-30 per 
cent). The 0.101-inch dimension between the cap surfaces 
must be held to close limits as it enters into the limits 
between “make” and “break” contacts of the finished relay. 
Also, close limits are necessary to permit ready handling in 
the automatic percussion which cuts 
lengths from this tape and welds them to the ends of 


The precious-metal 


welder, contact 
the wires in the wire spring relay.' 
tapes for the top and bottom sections are formed with weld 
Weld 


centrate the weld heat in a reduced section, thus facilitating 


beads on the surface to be welded. beads con- 


welding by requiring less power. Fig. 7 shows the tape 
divided into sections or blocks, corresponding in length to 
the space traversed by the welder during each half cycle 
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a OO) ON Oy core ae aoe ae 
Fig. 5. Blanking die for roll-welded multiples. a—shearing tape 
from test lug; 6 completing the blanking of 


removing extra contact tape; ¢ 


t tiple 
two multiples 


These block ele- 


ments are used in the shunt-resistance calculations to be 


of the 60-cycle power used for welding. 


discussed later. 

Che welder for this double-cap tape is equipped to feed 
cap metal simultaneously into grooves in both top and 
The base-metal strip is guided in a 
This guide, 


bottom electrodes. 
slot to enter the space between the electrodes. 
as well as the bottom electrode, is electrically insulated from 
the upper electrode. Since the welds are made in series, 
close control of the heat loss from the electrodes through 
conduction paths and through the cooling water must be 
obtained to balance the weld strength in the top and bottom 
welds. A typical weld shear strength for an 0.083-inch 


length of cap weld is 50 pounds. 


CALCULATION OF SHUNT RESISTANCE 
THE AMOUNT OF CURRENT which can be conducted into 
the metal without burning the electrodes or the tape sur- 
faces is limited; the high-conductivity metals already dis- 
cussed require currents close to this limit. It is desira- 
ble, therefore, to be able to determine in advance what 


tape designs or modifications can be welded. A meth- 





% 8.03 26.76 42.71 16.33 6.01 0.16 
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Fig. 6. 
multiple contacts 


A typical distribution of the weld strength of roll-welded 


has been worked out for computing the resistance 


of the direct path between the electrodes as compared to 


od 


the shunt path, the one through the “‘just welded”’ portion 
of the tape. The high conductivity of these metals makes 
the shunt-current path very important, as will be shown 
The area trailing the weld zone (Fig. 7) is red hot because 
of successive pulses of shunt current. Fig. 7 shows the tape, 
the schematic circuits, and the equations for the branch 
resistance. Inasmuch as the electrode contact resistances 
rs are common to both weld and shunt paths, they have 
been omitted from the calculations. Also, the resistance 
of transverse sections of the cap metal rg are small and have 
been omitted. ‘There are, of course, other omissions and 
simplifications; for instance, the current distribution paths 
through and between segments are unknown, but are 
assumed to be uniform. Table I, which was calculated from 
the equations, shows the per cent of current going through 
the shunt path for different conditions of weld spacing and 
materials. 

The resistance elements of the shunt path 
culated from the specific resistivity of the weld metals 


and the dimensions of the circuit elements. For instance, 


are cal- 


I. Calculated Weld and Shunt Resistances and Currents 





Tape Material 
Cap Base 
Thick- 

ness, 


Inch 


Resistance, Ohms 
Weld a aaa 

Spacing nr rr r3 rm 
Inch 


Thick- 
ness, 


Inch Metal 


Example Metal 


0.011 Pd 
0.011...Ag 
0.011...Ag. 
0.011 Ag 
0.005 Ag 
0.005...Ag 
0.002...Ag 

0.009.. md 0.079. .Cu-Ni 
0.002...Ag 

0.009.. a | 0.079. .Ni 


0.079. .Cu-Ni 045 2.22 725. .0.61 
..0.079. .Cu-Ni 031 5. .0.725. .0.61 
0.079. .Cu-Ni 045 ( 0.725. .0.61 
0.079. .Cu-Ni 062 0.725 0.61 
0.089. Ni ).060 0.920. .0.171 
0.089. .Cu-Ni. 7 


060 0.‘ 0.81 


0.045 0.7 0.61 


0.202 


0.045 


r,? 4r; 
X10-3 X10-3 K10-3 K 10-3 X10-6 


Total 
Re- 
sist- 
ance, 
Ohms 
x10-3 


Resist- 
ance of 
Shunt 
Branch, 
Ohms 
x10-3 


Estimated 
Weld 
Current, 
Amperes 


Shunt 
Current, 
Per Cent 


Shunt 
Current 
Amperes 


Total 
Current, 
Amperes 





OF2:.... 
,200.... , 280 
> son ,610 
> Serer © ‘ ,650 
. rr 810 
,200.. 1,450 


1,165. 353 


NWN OUN Ww 


918 


. .0.802 933 
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example A, Table I, shows the re- 
sistance r; calculated for two pieces 
of palladium, each 0.011- by 0.042- 
inch in cross section and one weld 
spacing (0.045-inch) in length, one 
piece at top and one at bottom, at 
a temperature of 500 F. The resist- 


ance T2 


2, which completes the first 
for the 
0.042-by 
0.045-inch and 0.079-inch long, at 
1,200 F, its 


temperature. 


shunt path, is calculated 
base-metal cross section, 
estimated 
As 


Fig. 7, 


operating 
the 
summation 


indicated in 


circuit of the 





WELDED 
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of all these shunt paths, each of 


which represents a weld stitch, is 
symbolized by R,. Example A shows 
a power loss of 30.6 per cent through 
the shunt path. judged from experi- 


ence, welds can be made satisfac- 
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The 


conditions represented by example 


torily under these conditions. 


C, have been welded, but are con- 


sidered to represent limiting condi- WELD BEAD 
tions with a power loss of 53.4 per 

cent. Achange to the use of nickel- Fig. 7. Double-cap 
base material, as shown by example 
C2, would improve weldability, as 
46.1 


Changes to improve the weldability 


Rrr’—Resistance 


the loss is. only per cent. 


of a silver-capped tape, where the rs 
loss is brought down from unweld- 
able 73.2 per cent to 40.2 per cent, 
are shown as B; to By, in the table. In this way, an ad- 
vance picture of weldability can be obtained. 


CONCLUSIONS 


of 
multiple contact springs has resulted in considerable econ- 


THE ROLL-WELDING and blanking method making 


omy in use of precious metal and in the production of 


contacts at a reduction in cost. Lower cost base materials 


Gas Turbines Pump Gas at 





pinot 
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ito BE WELDED 


between 
sistance through weld zones 

resistance, top and bottom segments at 
Resistance of basemetal segment at 75 F; 


Electrode contact resistance; and r¢ 


PALLADIUM CAR| 








— RED HOT AREA 


tape and resistance circuit, showing segments used in calculating 


resistances of elements for computing weldability (Table I) 


Roc'’—Calculated RwRs/(RwtRs); 
Resistance of shunt paths =1/2(r / 
500 F; r2—Resistance of basemetal segment at 1,200 I 


r4—Contact rest 


electrodes; resistance 


=2rgtrsa; Rg +a/ri2?+4rre); 7 Cap 


tance, cap to base, 1suréd 


-Transverse cap resistance. 


are used because of the thorough cleaning closely associated 
with the welding. 

Roll welding, although difficult on high-conductivity 
metals, can be used to advantage on many applications 
A calculation of the effect of the shunt path is desirable to 


predetermine the weldability of a design. 
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Lake Maracaibo, Venezuela 


Three-hundred-million cubic feet of gas will be pumped 
back into the earth daily by the most powerful concentra- 
tion of gas turbines in the world. Built by the Westing- 
house Electric Corporation, Pittsburgh, Pa., twelve 8000 
hp combustion gas turbines with a total maximum rating 
of 96,000 hp will be installed 7 miles out on Lake Mara- 
caibo, Venezuela, on a platform, 440-feet long by 131-feet 
wide, mounted on concrete piling in 80 feet of water 
They will drive centrifugal compressors which will inject 
natural gas, derived from oil operations, under high 
pressure into the oil field that is under Lake Maracaibo 
and the surrounding area. This gas conservation plant 
will recover substantial quantities of additional petroleum, 
as well as conserve large quantities of gas. 
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Large-Area Photoconductive 


X-Ray Pickup-Tube Performance 


JOHN JACOBS 


ASSOCIATE MEMBER AIEE 


This article describes the general character- 
istics and detection sensitivity of a large-area 
low-velocity-scanned photoconductive X-ray 
pickup tube. An industrial inspection system 
using these tubes has undergone field test. 
Sensitivity measurements, as well as possible 
future applications of systems, are discussed. 


RESENT industrial X-ray inspection systems, for the 
P most part, utilize either photographic film or fluoro- 
scopic techniques.'! Relatively expensive and time- 
consuming photographic methods are employed, primarily 
because of the high sensitivity obtainable or because a 
permanent record may be desired. Direct fluoroscopy, 
which is comparatively fast and inexpensive, is in wide- 
spread use despite certain disadvantages. These include 
the need for dark adaptation, somewhat lower sensitivity 
than film, radiation shielding, and health physics problems. 
At voltages in excess of 140 kv peak, many factors limit 
the use of direct fluoroscopy. The first of these is that of 
operator Protection problems are 
simplified if the geometry of the viewing screen is arranged 


protection. greatly 
in such a manner that the operator views the image through 
a mirror system. In this way, the protective window is not 
exposed and, hence, not deteriorated by strong irradiation. 
However, such a geometry has the disadvantage that the 
operator is usually set back from the viewing screen to a 
point where visual acuity of the eye limits the amount of 
small detail that is discernible. The problem of visual 
acuity is further complicated by the low light levels en- 
countered in direct fluoroscopy, these being in the order of 
0.1 foot-candle or less. 

In addition to the above limitations to the vision of the 
operator, the fluorescent screen itself decreases in response at 
the higher voltages. The contrast sensitivity of the screen 
is decreased markedly at high voltages by the increase of 
relatively low-energy scatter from the objects being in- 
spected. Screen particle size, usually in the order of 1 mm, 
further limits the detail sensitivity of the direct fluoro- 
scopic system. In spite of these disadvantages, at voltages 
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HAROLD BERGER 


in the range of 20 to 100 kv peak, many inspection prob- 
lems are efficiently handled by a direct fluoroscopic system. 


ENHANCING BRIGHTNESS OF FLUOROSCOPIC IMAGE 

THE NEED FOR AN INCREASE IN BRIGHTNESS of the X-ray 
fluoroscopic has recognized.? This 
problem is unusual in that a minimum gain is sufficient.’ 
Once this gain is exceeded, the limitation in information re- 
ceivable is then set by the quantized nature of the X-ray 
beam itself. A general figure for this gain in sensitivity 
appears to be close to 100 times. Any increase above this 
factor merely makes for more comfortable viewing of the 
image by the eye. 


image long been 


Two distinctly different approaches have been made to 
the problem of X-ray image intensification. One of these 
is the application of direct-image converter tubes to the X- 
ray problem.‘> The other is the use of television or elec- 
6.7.8.9 The first results in an 
extremely simple system requiring only the image tube and 
a power supply. 


tronic scanning methods. 


The second method requires electronic 
amplification and is rather complicated compared to the 
first one. Both approaches are capable of supplying 
sufficient gain so that the information contained in the X- 
ray quanta itself becomes the limiting factor. 

It is with the scanned-pickup-tube approach (Fig. 1) 
that this article is concerned. The first approach has been 
discussed extensively during the past 


years of com- 


mercial application. 


CONSIDERATION OF SCANNED-IMAGE SYSTEMS 


THE USE OF THE SCANNING TECHNIQUE for the presenta- 
tion of images instead of the direct-viewing method gives 
rise to many features of basic design of which the average 
user of fluoroscopic systems is generally unaware. For a 
scanning system to be a successful and simple one, it 
should contain in the pickup tube a storage element. This 
is dictated by the fact that if an image consists of 500,000 
elements the beam scans one element of the image for only 
1/500,000 of the time needed to scan the complete image. 
The remaining period of time the scanning beam is es- 
sentially commutating the other 499,999 elements of the 
picture. ‘This means that in the absence of a storage ele- 
ment in the sensitive surface only the information pro- 
duced on the element during the scanned interval is 
utilized. By arranging the system in such a manner that 
an element accumulates information during the entire 
period between scans, the sensitivity of the system with 
storage may be increased by a factor of 500,000 times over 
that of one without. This is well known in camera-tube 
practice.” In the case of the direct-image-converter 
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systems, a storage factor is supplied by the eye which is in 
the order of 0.1 second. 

Another feature to be considered in a scanned system is 
If one as- 
sumes an infinitely fine scanning beam, then the detail 
transmitted is limited by the bandwidth of the amplifiers 
in the system. 


the amount of detail that may be obtained. 


Using for convenience the American stand- 
ard of 525 lines interlaced 30 frames per second, then allow- 
ing for retrace and blanking, the time during which a 
horizontal line of the image is active is in the order of 50 
microseconds. Utilizing readily available television cir- 
cuitry having a bandpass to 8 mc, one could therefore read 
out of one horizontal scanned line 2X8 X10°X50X10-* 
or 800 distinct elements. The factor of 2 enters because 
one cycle of a sine wave presents two bits of information. 
As far as the system is concerned, then, assuming the scan- 
ning tube is not the limiting factor, any horizontal line can 
contain 800 distinct picture elements. This means that 
if the pickup tube has a horizontal scanned dimension of 8 
inches the smallest detail that can be resolved is 0.01 inch. 
However, if the scan width on the same tube is reduced to 
cover a region of 1 inch, then assuming the scanning beam is 
infinitely fine, the detail resolvable would become 0.00125 
inch. 

In the tubes discussed in this article only the first stated 
case may be approached, principally because of the finite 
size of the scanning beam. This practical limitation as it 
exists in the present tubes will be discussed in the next 


section. 


LOW-VELOCITY-SCANNED PHOTOCONDUCTIVE TUBES 

Tue wea for the use of photoconductive layers for tele- 
vision pickup tubes was advanced in 1908." A demon- 
stration using this type tube was made in England in 
1938," 
of pickup tubes did not occur until the early part of the 
1950’s.8 


The widespread commercial use of this principle 


The tubes using these principles are being used in 
increasing numbers by commercial broadcasters to replace 
the iconoscope in film transmission. At the latest report, 
the Vidicon, as the commercial version of this tube has 
been termed, is only 10 times less sensitive than the image 
orthicon, the standard studio camera tube. This rapid 
commercial utilization of the photoconductive pickup tube 


came about largely because of a better understanding of 


both the photoconductive process and synthesis of photo- 


conductive material. 

For a photoconductor to function properly as a layer in a 
storing-light pickup tube it must, in addition to having 
good photosensitivity, have a dark resistance in the range 
of 10" ohm-centimeters. If the resistance is less than this, 
a serious loss in available signal occurs as the charge leaks 
off between scans and the storage effect previously men- 
tioned is not fully utilized. Fortunately, in the case of 
tubes designed for X-ray service, thick layers are desired 
to assure an adequate absorption of the X radiation. 
The loss in capacity of the target because of the increased 
thickness of the layer is offset to some extent by the in- 
creased area of the picture elements in these large photo- 


conductive X-ray tubes. 
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Many materials have been investigated in which the 
photoconductor has both the sensitivity and resistivity to 


make it usable as a target material. Materials, mentioned 


in the 1938 article’ as giving signal outputs when excited 


with light, are selenium, cadmium sulfide, cadmium 


selenide, antimony trisulfide, zinc telluride, zinc sulfide, 
and zinc selenide. The Vidicon tubes currently available 
in this country employ antimony trisulfide. Develop- 
mental tubes have been constructed in Europe which use 
lead monoxide. That the sulfurized lead monoxide exhibits 
photoconductivity and has the desired values of resistivity 
needed for camera-tube operation was noted in 1949." 
Photoconductive X-ray pickup tubes using selenium 
and lead monoxide as target materials have been described 
9 


in recent years.*® The principal disadvantage from a com- 


mercial standpoint of the tubes described to date has been 


the relatively small size of the sensitive area (less than 2-cm 


the X-ray image 


cannot be reduced without first converting it to an optical 


outside diameter). Inasmuch as itself 


one, the need then in a direct conversion tube is for a large- 


area signal plate. The tubes evaluated and those being 
evaluated in the field have an effective signal-plate area 
over 18 cm in diameter. 

low-velocity 


the electron 


Such large-area plates operated with a 30 
scan place rather stringent requirements on 
Io assure stabilization and 


guns. to simplify associated 


r 
circuitry, thus, electrostatic scanning is used. The 

size of the guns is in the order of 0.25 mm and is the limiting 
Until 


such time as better guns are available there appears to be 


spot 
factor in detail resolution along the horizontal scan. 


no need to depart from the 525-line standard currently in 
use. 
CONSTRUCTION OF PICKUP TUBES 

CONSTRUCTION TECHNIQUES used in the tubes are different 
in that the photoconductive layer is prepared and tested 
prior to sealing into the tube. 

A lead monoxide layer approximately 150-microns thick 
is evaporated onto the aluminum signal plate in a standard 
bell jar. The plate is then removed, and placed in a 


demountable scanning tube and checked for blemishes, 


sensitivity, and speed of response. If acceptable, the layer 


thus prepared is sealed into an envelope. This method of 


Fig. 1. 
dark coating necessary to exclude light 


Large-area photoconductive X-ray pickup tube; 
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assembly avoids the extremely difficult job of forming the 
large-area layers in a completed tube assembly. To assure 
maximum sensitivity of the tube, the face plate should be as 
thin as possible. Currently, a thickness of 2 mm is used. 
l’o assure that implosions caused by thin sections or residual 
strain will not occur, each tube following exhaust is placed 
in a pressure chamber under three atmospheres for a period 
of 10 minutes. 

Currently, all tubes are being run in for 100 hours after 
processing to assure that any residual gas in the layer evolves 
and is picked up by the getters. Life experience to date 
indicates unlimited shelf life and operating life well in 
excess of 1,000 hours. Actually, the only cause of failure 
of the tubes has been a loss of emission of the filaments. 
Since the layers are relatively insensitive to the atmosphere 
several tubes which lost emission have been regunned and 


are currently giving satisfactory service. 


X-RAY SENSITIVITY OF LAYERS 


MEASUREMENTS MADE on the tubes constructed to date 
indicate that on the average for each quantum of X radia- 
tion absorbed in the layer, approximately 1,200 electrons 
are detectable in the external circuit. The energy of the 
X radiation used for these measurements was 43-kv peak, 
effective. The tube current was 0.25 milliampere and the 
distance was 60 cm. 

Using an input impedance of 5X10* ohms at the video 
preamplifier, the noise current produced by this resistance 
is approximately 1X10~* ampere. Taking as a minimum 
acceptable signal-to-noise ratio the figure of 5, then a current 


of 5X10-° 


By absorption 


ampere is the minimum signal recognizable. 
the 
it has been determined that approximately 25 per cent 


measurements at conditions cited, 


of the incident energy is absorbed in the layer. This means 


then that the minimum number of detectable quanta per 


second incident on the entire plate is 


4X5X10 201079 
= — =1.0108 
16 


1200 X1.6*10-'9 2X10 


Pa per ign 


Fig. 2. Field test unit in operation showing thermal units being 


inspected on conveyor; magnified image of unit on screen 


160 
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Fig. 3. Quality-control personnel tabulating a sample run at 
remote viewing station 


The effective area of the plates is approximately 300 sq. 
cm; therefore, the incident intensity at the wavelength 
cited to produce a usable signal is in the order of 110% 


3X10? or 3X 10° quanta per sq. cm per sec. 


RESULTS OF FIELD EVALUATION 


To DATE, the only field test data available covers indus- 
trial installations (Figs 2 and 3). The imagesystem is used 
in applications where, because of the nature of the product, 
direct fluoroscopy fails to present fully the information avail- 
able in the X-ray beam, principally because operator-pro 
tection devices and the low-screen-light levels are involved. 
A customer who was carefully selected had the following re- 
quirements: (1) utilizing fluoroscopy at least 6 hours a day 
in his production; (2) inspecting a product requiring 
(3) inspecting a product 
whose density is such as to require fluoroscopy close to 


maximum detail perception; 


140 kv peak; (4) being so dependent on fluoroscopic in- 
spection that a failure would shut down production; and 
(5) being generally satisfied with the results of conven- 
tional industrial fluoroscopic equipment. 

Such a customer was located near Milwaukee, Wis., 
whose chief product required that a thermal heating element 
approximately 1 inch in diameter and 2!/2 inches long be 
inspected. The windings in such an element are so fine 
that they cannot be distinguished on the conventional 
fluoroscope running at 110 kv peak and 5 mm. Using 
fluoroscopy he was able to detect 3/16-inch or larger voids 
in the ceramic thermal shield and, as such, was pleased with 
the result. The inspection process required alternating 
operators working in a darkened room throughout the day. 
Rejection rates of the elements over the previous 8 months 
had been averaging 2 per cent. 

This fluoroscopic installation was replaced by the image 
system. 
could be lowered to 70 kv peak a drop of 40 kv peak over 
fluoroscopic practices. 


The voltage needed for penetration of the object 


The image of the object inspected 
was increased in size to five times normal at which point the 
individual windings became clearly distinct under full 
room light. Voids averaging 1/16 inch in diameter in im- 
mediate contact with the wire can be seen easily. This 
increased detail perception caused the rejection rate to 
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jump to 25 per cent, forcing a complete redesign of the 
element by the vendors. This example is typical of the 
utility of such an inspection device. 

OTHER USES OF THE IMAGE SYSTEM 

ONE OF THE GREAT ADVANTAGES of such an image system 
is the fact that the entire image is electronically scanned. 
This removes the need for any mechanical scanning de- 
vices, as would be required in the case of a single-beam in- 
spection system. A second advantage is that by the use of 
an “absorption negative” of the object being examined, 
automatic trip circuits detect and reject any object having a 
defect recognizable by a change in transmission. It is 
believed, at present, that the majority of inspection sys- 
tems constructed in the future, utilizing these tubes, will be 
ones in which the absorption negative removes the need to 
display the completed image on a monitor tube. 

Should a permanent record of the object be desired, two 
recording methods are available. The first is to simply 
The second method is 
slightly more involved; it utilizes the storage of the image 
as an electric signal on magnetic tape. 


photograph the monitor screen. 


Either method is 
feasible by virtue of the electric output of the system. 


SUMMARY OF X-RAY IMAGE INFORMATION 


The system described combines the features of many 


sciences. It is not by any stretch of the imagination the 


FILM 
ADVANTAGES 

High sensitivity 
Perfect storage. . 2 
Permanent record 3 
Contrast sensitivity, 2 per « 4 
High detail sensitivity 
Simple 


DISADVANTAGES 

Long single exposures 
Processing 

Expensive 

Delay in viewing image 


DIRECT FLUOROSCOPY 


ADVANTAGES 
1. Instant viewing 


2. Trouble free 
3. Simple... 
4 
5 


DISADVANTAGES 

Observer position fixed to ot 
Health hazard 

Operator fatigue 

Limited sensitivity 

Limited detail 

6. Contrast sensitivity, 8 per cent 

7. Usually requires dark adaptatior 
8. No permanent record 


1 
3 
Inexpensive. .. 4 
Long lived 5 


DIRECT-IMAGE INTENSIFYING TUBE 
DISADVANTAGES 
Limited health hazard 
Small image size 
Observer position fixed to object 
Limited dark adaptation of eye 
30-kv peak supply needed 


ADVANTAGES 

1 Instant viewing 

2. High sensitivity 

3. Fine details. 

4 Contrast sensitivity, 4 per cent 

5 Image brightness enhanced 

6 Permanent record available through 
combination with photography 

X-RAY SCANNED-IMAGE PICKUP TUBE 
ADVANTAGES DISADVANTAGES 


Instant viewing Contrast sensitivity 


High sensitivity 


8 per cent 
Detail sensitivity, 0.25 mm 
Electronic circuitry required 


Permanent record available on tape 
Permanent record available by pho process 


3asic limitation of detail by scanning 


1 
2 
3. Remote viewing in bright daylight 
4 
5 


tography 

Unlimited number of viewing stations 

Magnification of image without loss 

of detail 

Contrast electronically variable 

Image electronically permi 

ting absorption negative technique 
10 Tube operates at 50 volts 


panacea of the X-ray inspection problem. It is merely one 
more tool available in the art of nondestructive testing. 


The extent of its use should be governed by many con- 
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siderations. As an aid in making this decision, it is hoped 
that the foregoing comparison of X-ray inspection methods 


will serve as a guide. 
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Radiation-Control Measures 


A survey, according to Forum Memo, reveals that 28 
states are engaged in some kind of state health and safety 
activity that are concerned with nuclear radiations and 
materials. 

The survey shows: (1) Two states have enacted specifi 
radiation codes; (2) Thirteen states have set permissible 
limits for radiation exposure and/or have amended existing 
regulations to include some control of radiation hazards 

3) Seven states have set up Commissions, study groups, or 
co-ordinators, whose responsibilities in part will be con 
cerned with radiation safety; (4) Six states are known to be 
contemplating setting up radiation codes and are currently 
applying broad powers of other codes to exercise ¢ ontrols 
[The remaining 20 states are not known to have given 
special attention to radiation measures, as yet. 

Of the 


tion control, eight have set permissible tolerance limits fo1 


15 states now exercising some form of radia- 


external exposure at 0.3 roentgen per week: two are using 


0.1 roentgen per day; one is using 0.05 roentgen per 


day; and four states have not set permissible tolerance 


limits. 
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Beyond Engineering 


M. D. 


In a message to electrical engineering students, 
President Hooven briefly outlines the tech- 
nological advances and achievements of the past 
which have led to today’s highly industrialized 
civilization. The engineer’s role and responsi- 
bilities are emphasized. 


HIS IS AN ENGINEER’S WORLD. Within sight 
ie the possibility of the creation of a physical Utopia— 
a civilization constructed on a technology which has 
learned to grow upon itself. Among the most privileged 
inhabitants of this new civilization is the young electrical 
engineer on whom must fall the burden of handling an 
increasingly complex technology. Eagerly sought after 
by industries of every complexion, the young engineer may, 
if he so elects, enter research, design, development, opera- 
tion, production, application, teaching, writing, or almost 
any variation of activity for the practice of his profession. 
Immediately on starting to practice, he has the privi- 
lege of taking a positive part in the interchange of ideas by 
AIEE. 


open to anyone with ideas. 


active work in He enters an intellectual world 


He is assured of a reasonable competence. He serves an 
ancient and respected profession; and, like most profession- 
als, his community prestige and, incidentally, his remunera- 
tion from that same community increases until old age 
requires his withdrawal from activity. He is held in 
respect by his neighbors. 

He leads his people into the unknown. He is today’s 
He 


has the privilege of being the inheritor of the great American 


pioneer with a limitless number of frontiers to crack. 
tradition of newness and growth. Electrical development 
of a decade or so in the future can be foreseen but dimly; 
whatever it is, it will be extraordinary. 

Representing one of the youngest branches of engineer- 
ing, the electrical engineer is at the hub of modern tech- 
nology with his command over electrical energy whether 
The use of 
electrical or electronic devices pervades all portions of the 


used for supply, control, or communication. 


Full text of an address presented in conjunction with the Metropolitan Student Night 
program at the AIEE New York Section Meeting, New York, N. Y., December 8, 1955. 
M. D. Hooven is electrical engineer with the Public Service Electric and Gas Company 
Newark, N. J 
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HOOVEN 


PRESIDENT 


AIEE 
art. It is the electrical engineer’s privilege to serve not 
only the general community, but also other facets of the 
engineering profession as well. 

Privilege has its obligations. It would be trite to say 
that the engineer’s obligation was met when he had done 
Engineers have 
done their jobs well since the beginning of time,, and the 


his job well—even superlatively well. 


civilizations they served have failed. This splendid new 
world, now so attractive, has no assurance of permanence. 
And this civilization is not, of course, the civilization that 
is the sole flowering of the milleniums. In his Study 
of History, Arnold Toynbee finds 21 civilizations which 
have reached full flower, plus others which, like the 
Eskimos or the Polynesians, had physical difficulties too 
great to be overcome by the development of even the most 
ingenious of engineers. The names of those civilizations 
which have come to fruition call to mind the pageantry 
and panoply of the past, the glamour of the days now gone. 
Take a Egyptiac, Andean, Syriac, Arabic, Far 
Eastern, Hellenic, Indic, Orthodox, Western. All these 
and others too, except the Western Civilization, are gone. 


few: 


Many of them, like the present one, were civilizations 
Their 
A quick review 


built around a complex technology. engineers 
were the privileged persons of their day. 
might indicate whether or not their technical people lived 
up to their obligations. 

The first great engineering project was the pyramid, a 
structure designed and constructed 5,000 years ago at the 
very beginning of recorded history. The pyramids still 
stand as mute evidence of a remarkable engineering 
civilization—a civilization which brought Egypt out of 
barbarism, flourished for but a few hundred years, and 
then declined. At no time in history has the planner and 
director of works ever occupied a higher position in life 
than he did in the Egyptian Golden Age. Using as tools 
only the lever, the inclined plane, and the wedge, he was 
able, with the help of many superintendents, foremen, 
accountants, and clerks, to erect structures still numbered 
among the “Seven Wonders of the World.”? These ancient 
engineers, like their modern counterparts, were concerned 
with the welfare of their labor, the procurement and 
transportation of material, and the necessity of meeting 


construction schedules. Apparently, 100,000 men were 
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withdrawn from useful production to construct nonpro- 
ductive monuments. 

The Pyramid Age came to a quick close. After a 
period of technological advance, unparalleled in history 
until modern times, Egypt stagnated. H. G. Wells says 
that the unmeaning sepulchral piles of an almost incredible 
vastness, erected in an age when engineering science had 
scarcely begun, exhausted the resources of Egypt through 
James 
Kip Finch, speculating on the same subject, gives several 


three long reigns and left her wasted as if by a war. 


possibilities, such as the maintenance of the status quo by 
the ruling class and the treatment of the peasants as mere 
machines; the presence of the Nile and the consequent lack 
or necessity for roads or irrigation; and the fact that the 
Egyptian was a pure empiricist who never asked ‘“‘Why?” 
In any event, except for a brief flurry of temple building a 
dozen centuries B.C., Egypt’s technological contributions 
have been as nothing for the last 5,000 years. 

While the earlier Mesopotamian civilization had no 
contributions comparable to the pyramids, many empirical 
developments occurred in the construction of their palaces, 
But the civilization of the 
Toynbee, in discussing Iraq, 
asks why its whole irrigation system, which had been 
successfully maintained for thousands of years, was allowed 
to go to ruin, and answers that this lapse in technique was, 
in fact, not the cause but the consequence of a decline due to 
social causes. 
tional. In China the Great Wall was a huge enterprise, 


irrigation systems, and temples. 
Golden Crescent is gone. 


In India development of cities was conven- 


but not startling technically. Greece, however, took the 


flickering torch of technological progress from stagnant 
Egypt. The Greek master builder, or arch technician, as 
he was called, had harbors to build, water supply systems 
The Greek 


technicians had a remarkable feeling for obtaining the 


to plan and install, surveying chores to do. 
right answer. Certainly the beauties of her temples show 
an intuition of quantitative engineering design skills. 
Mathematics and mechanics emerged as an intellectual 
activity. Greek technology, however, suffered from the 
attitude that the contemplative life was the only kind to be 
looked up to, that utilitarian practices were for slaves. 
Indebted as we are to Greece for our philosophies and 
theologies, it is quite possible that the development of 
science and engineering and, thus, of modern civilization 
was retarded 2,000 years by Greek abhorrence of the 
practical. 

Rome was the direct heir of the remarkable Greek ad- 
vances in mathematics and mechanics. Roads and aque- 
ducts still testify to the Graeco-Roman master builders’ 
skill. 
military because of the need for military roads and forti- 
fications, moved at will over the Western World. ‘The 


word “‘ingenium,”’ which according to Webster came from 


The master builder, how becoming a part of the 


in plus genere, to bring forth or produce, was applied to a 


military contrivance. Battering rams, catapults, ballista, 


became known as “‘ingenia,”’ ingenious devices. Eventually 
the inventor or operator of these engines of war became 
known as the “‘ingeniator,”’ 


Great as were the engineering accomplishments of the 


the “‘ingenious one.”’ 


Romans, their empire fell. Too much dependence on 


S\. Maa? = 
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Among the AIEE New York Section members who attended the annual Metropolitan Student Night, sponsored 
by the Power and Industrial Divisions of the Section, December 8, 1955, in the Engineering Societies Building, 
were, left to right, seated, W. B. Morton, chairman, AIEE Committee on Student Branches; President Hooven; 
R. T. Weil, Jr., Section chairman; L. J. Hollander, chairman, Section student committee; standing, AIEE Secretary 
N. S. Hibshman; L. F. Stone; H. W. Marquardt, Division program chairman; J.C. Hoyt, Division chairman; and 


J. D. Tebo, chairman, AIEE Committee on Technical Operations. 


versities attended the meeting. 
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Some 200 students from 10 colleges and uni- 
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empiricism and the tendency to look backward for author- 
ity probably prevented the Roman engineer from assuming 
the leadership that might possibly have saved it. 

rhe intellectual awakening of the Renaissance gave the 
engineers the first great prophet of the profession, Leonardo 
da Vinci, whose 500th birthday was celebrated recently. 
He recorded in his notebooks sketches of engineering de- 
vices in their modern sense, ranging from airplanes to 
diving bells. Since they were not published until centuries 
later, their potentiality of rapid development was lost. 
Lost too were the trade secrets of the guilds, regarded by 
some as the forerunners of the profession, but perhaps more 
correctly regarded as the forerunners of the mechanics’ 
trade union. Certainly the guilds and master builders 
of the period had in no way attained the status of a pro- 
fession in terms of ministry to the people wherein develop- 
mental ideas are freely interchanged for the benefit of all. 
Neither Da Vinci nor the guild had great open forums, 
such as AIEE, for the presentation of new concepts. 

I'he Great Inca who ruled the Andean community was 
certainly one of the “ingenious ones.”” In a barren com- 
munity with but a few inches of soil clinging to the tops of 
arid plateaus, he was able to sustain life for hundreds of 
thousands of humans. The Spaniards took over almost 


Che 


group of individuals, had never bothered to step outside 


without resistance. intellectual Incas, a privileged 


their own sphere. The peasants had no reason to defend 
them against just another set of bosses. 

he Osmanlis, founders of the Ottoman Empire, de- 
veloped perhaps the best group of industrial engineers 
known by an opposite tactic. They trained their manage- 
ment forces from children taken in slave raids. No member 
of their aristocracy could enter the management group ex- 
But the 


Ottoman empire went down even though their technology 


cept occasionally by competitive examination. 
was excellent. Was it because their engineers were en- 
gineers only? 

Some 20 civilizations 


The answer seems to be clear. 


have failed. This world is not such a simple one that 
But through all 
The “‘in- 
did not look beyond their interesting puzzles. 


one reason for failure can be given for all. 


these disintegrations runs a common thread. 


genious ones”’ 
Che brightest minds were concerned with development of 
techniques. Too few of them paid attention to the life 
which surrounded them. 

A queer combination of confidence and uneasiness con- 
fronts the scientist and engineer of today: confidence in 
his ability to control the physical world; uneasiness con- 
cerning the end to which he is leading his civilization. It 
seems to be indicated that the engineers of the past failed 
to keep alive the culture which they served because they 
were too well devoted to techniques. The answer to what 
lies beyond engineering is a simple one. It is the obliga- 
tion of the engineer to be a dynamic part of his community. 

Such a 


school, scouting, and social service are all time consuming; 


choice is not an easy one. Politics, church, 


some, controversial. Adding to a life already full to the 
brim of the most interesting activity conceivable, commun- 
ity burdens may seem intolerable. But such an obligation 


must be served. 
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A second obligation is to engineering as a profession. 
The wedding of science and engineering a century or so ago 
and the concurrent rise of the engineering societies shaped 
the profession as it is today. In common with the other 
learned professions, engineering considers its practitioners 
to be individual servants of the public, while at the same 
time being students of a common discipline. The obliga- 
tion to maintain independence of mind plus interdependence 
of association for the exchange of ideas is common to all 
engineers. The electrical engineer finds his society alert 
to these duties. AIEE particularly prides itself on its 
quickness of response to the wishes of its members. Since 
eternal vigilance is the price of liberty, each individual must 
continually guard his relations with his client, whether 
the client be a person, a governmental unit, or a corpora- 
tion, in order to be certain he maintains his independence 
of judgment. Fighting for the freedom to be fired may 
very well be one of the individual engineer’s obligations. 

Finally, there is the obligation of the engineer to him- 
self. His services to his community will vary directly with 
his physical health. 
quality of his work as affected by his own mental well 
being. The much discussed post-baccalaureate slump—a 
period of ‘‘do-nothingness’’ brought about by the kind of 


Of even greater importance is the 


routine chores which may go with starting a new job—must 
be avoided at all costs. 
varied and deep culture, he must include in his thinking 
background poetry, philosophy, literature, and the like. 


He does not have the choice of avoiding them. 


Since the engineer is part of a 


Beyond engineering lies the obligation of entering into a 


full social and intellectual life. You are invited. 


Employment Lecture Series 
for Rutgers University Branch 


The program formulated for the AIEE-Institute of Radio 
Engineers (IRE) Student Branch at Rutgers University, 
New Brunswick, N. J., for 1955-56 is in the form of a lecture 
series with subject matter about the various fields of elec- 
trical engineering, such as: research, development, sales, 
production, management, etc. A speaker will present a 
lecture in each of these fields at each meeting. 

To date, the meetings have been about research, de- 
velopment, manufacturing, and sales. As an introduction 
to the series, Dean E. C. Easton gave a lecture on the basic 
concepts of the fields to be described and. their relation to 
formal education. 

This program is for the purpose of providing a better 
understanding of the employment of electrical engineers 
and the qualifications necessary for success in each type of 
field, and should assist the student to choose a particular 
field upon graduation. 

So far, this program has been well received with about 
80 per cent of all electrical engineering students attending 
each meeting. 
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‘The Difhculties 
Young Men Have to Contend with... 


935 


W. B. MORTON 


FELLOW 


The author presents to electrical engineering 

students a special message discussing the basic 

purposes of the Institute, as well as the ad- 

vantages of active participation in the AIEE 
Student Branches. 


HE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
is now engaged in a thorough examination of its 
The 


membership and activities during the past decade has 


organizational structure. rapid growth in 
produced indications that there is need for planning now 
for greater service in the future. It is imperative that any 
progressive organization periodically examine its objectives 
to insure that they be given expression in terms of present 
and future needs. In his technology the engineer con- 
tinually asks, ‘‘Why?” 


is it time to proceed with 


Only after the “why” is settled 
“how” to gain the objectives. 
The basic over-all objectives of the Institute are set forth in 
the Constitution: ‘‘Its object shall be the advancement of 
the theory and practice of Electrical Engineering and of 
the allied Arts and Sciences, and maintenance of a high pro- 
fessional standing among its members.’ (Italics mine.) 

One of the most vital areas of service of AIEE is in the 
field of engineering education. AIEE is deeply concerned 
with the future members of the electrical engineering pro- 
fession and devotes much of its resources in money and 
effort to its Student Branches. 


What is the basic reason for 


It is pertinent to inquire 
why this should be done. 
engineering stucients to associate themselves into a Student 
Branch and become a part of their professional organiza- 
tion? The answer seems to have been stated clearly at 
the very beginnings of the organized engineering pro- 
fession as we know it today. 
‘It was toward the end of the year 1817 that a few 
gentlemen, then beginning life, impressed by what 
they themselves felt were the difficulties young men 
had to contend with in gaining the knowledge 
requisite for the diversified practice of engineering, 
society.’ 


, 


resolved to form themselves into a 


That is the simple story published years ago in a British 
journal of the beginning of the organized engineering pro- 
So began the Institution of Civil Engineers which 
(“Civil” at 
A few 
young men recognized ‘“‘the difficulties young men have 


fession. 
received a royal charter in London in 1828. 
that time meant all engineers other than military.) 


to contend with” in becoming engineers in the professional 
sense. They resolved to organize and did. 





A special article written by the Chairman of the AIEE Committee on Student Branches. 


W. B. Morton is with the Pennsylvania Power and Light Company, Allentown, Pa. 
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Che problems that young men trying to become engineers 
in 1817 had to face were real and tangible. There were 
practically no schools, very few books, no journals, and no 
general access to the few practitioners who had gained 
some knowledge and experience in building roads, bridges, 
structures, and the few crude engines then known. Existing 
books were costly and hard to obtain. Few people had the 
opportunity to apprentice themselves to masters who had 
knowledge and experience to share. So these young men 
organized to share their books and start a library; to invite 
experienced men to meet with them and instruct them; 
to share their own experiences and systematically collect 
and record existing knowledge; and to make an organized 
eftort to extend the frontiers of the art and science The 
difficulties young electrical engineers had to contend with 
were just as real and tangible when AIEE was founded in 
AIEE Student 


started about 18 years later. 


1884 and again when the Branches were 


Che purpose of all organizations basically is to overcome 


difficulties and gain objectives—to overcome physical, 


mental, financial, and social limitations of one individual, 
alone. A 


search of instruction 


or many individuals, working college is an 


organization of young men in they 


could not get individually. Even today, when a bright 
young man can purchase many books and subscribe to 
magazines and otherwise obtain some of the tools of learn- 
ing, he must organize with others into a student body to 
share the benefits of personal instruction, laboratory 
facilities, and a chance to live and work with his con- 


temporaries. 


DIFFICULTIES TODAY 


BUT WHAT POSSIBLE DIFFICULTIEs do college students have 
to contend with in gaining the knowledge requisite to the 
Why 
should they form themselves into a Branch of AIEE? 


diversified practice of electrical engineering today? 


Any young man with an I.Q. of 120, an interest and aptitude 


for electrical engineering, and a reasonable amount of 


determination can go to college. There he finds many 
more books, journals, and magazines than he can possibly 
read. There are lectures, advisers, and meetings beyond 
anyone’s ability to hear. Finally, there is a waiting li 
of recruiters anxious to employ the young graduate an 
start building his professional experience as part of his 
employment. 

Perhaps one of the difficulties young men have to con- 
tend with is recognizing that difficulties exist. Another is 
that of recognizing how all this abundance came about and 
what is required to keep, develop, and yet not permit it 


to degenerate into chaos. There is also, of course, one 
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limitation that is the same today as it was in 1817 and in 
1884: there are only 24 hours a day and 168 hours a 
week. One big difference is that the engineering student 
today is facing a highly organized world; one in which 
unco-ordinated individual effort is seriously handicapped. 


FUNCTIONS 

Tue AIEE stupENT BRANCH still serves all of its earlier 
functions of bringing students together to share knowledge 
and experience and to command the help of practicing 
experts. But more important is the practice of the skills 
of co-operative effort themselves: to organize with an 
objective and define it; to plan and execute in detail; 
to persuade and lead; to communicate successfully; to take 
and share responsibility; to evaluate human motives and 
efforts; and to make group decisions, and share the credit 
or blame for results. 
143 AIEE Branches in our schools and 
the 


experience, and knowledge 


Today there are 


colleges, each offering unlimited opportunities for 


young man to share his learning 


g, 
with other young men. 


[he AIEE Student Branch can and should be an im- 


portant vehicle for education and training of electrical en- 


gineers. It is not an extra-curricular activity. It is a 


co-curricular activity. But its objectives must be correctly 


defined and understood. Merely to hold meetings and 


ittract crowds is hardly enough. Football is a great 


collegiate institution, instilling in the student body loyalty, 
If the 


objectives of the game, as played by the colleges, were simply 


teamwork, sportmanship, and the will to succeed. 


the obvious one of transporting a small bag of wind from 
one end of a lawn to the other, it would hardly be worthy of 
all the time and attention devoted to the enterprise. 
Here, as in so many human activities, the by-products con- 
tain the values, 

Most of the things men want from life are by-products. 
We all want 
money, power, approbation, and appreciation. 
not get any of these directly. 


They cannot be made or achieved directly. 
We can- 
We cannot make money— 
that is a Federal offense governed by laws about counter- 
feiting. We cannot achieve the authority to carry out 
our ideas or to direct and lead others by merely putting a 
> We cannot win the 
approval and appreciation of our fellow men by sending 
out a circular to the effect, 
ought to 


sign on our desk, “I am the boss.’ 


*T am a fine fellow and you 


admire me and give me honors, offices, and 


It will not work in the 
All of these 


by-products of service rendered intelligently 


sundry tokens of your respect.” 
long run, although it is not infrequently tried. 
things are 


and without thought as to the results in terms of personal 


valn. 


ADVANTAGES 
YOUNG MEN sometimes ask, “‘Why should I join AIEE? 
What do I get for my dues?” 


gave an excellent answer to this question in an address 


Past President Robertson 


delivered before the conference of Section Delegates at Los 
Angeles two years ago. He pointed out that first of all 
the Institute’s income is twice that from dues alone. This 
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income is all spent on services to the members. Hence, 
there is twice the dues money value available to any member 
who will take advantage of all the services offered to him; 
and since a student’s dues are only from a third toa fifth of 
a member’s, there is little question as to the direct tangible 
return on dues invested in AIEE membership. 


However, if that is all the prospective member wants, 
AIEE is not seeking him out as a prospect for membership. 
AIEE is not a mail order membership operation. AIEE 
Their technical 
and personal qualities must be certified by four members. 
If the prospective member wants to become associated 
with AIEE, a world-wide fraternity of electrical engineers, 


members are invited personally to join. 


and to use AIEE as a channel for his contribution to the 
profession; if he wants to serve and let the by-products 
take care of themselves, we do want him as a member. 
He will profit immeasurably if he joins AIEE with this ob- 
jective in mind. Others will profit by his contributions. 
The AIEE Branch may be likened to a team, where the 
Counselor is the coach and the Chairman is the captain. 
But there is no limit as to the number of members on the 
-the more the better. 


team Manpower efficiency is not 


an objective. The purpose is to teach and practice the 
skills of organization, co-operation, and professionalism, 
using the common interest in electrical technology as the 
basis for working together. 

The planning of an AIEE Student Branch Meeting can 
be occasion for a number of students to contribute a service, 
to co-ordinate their efforts, to plan, and to execute plans. 
It is an opportunity to communicate broadly with the 
student body and to practice the arts of communication 
in the meeting itself. It calls for thoughtfulness and 
It teaches 
and 


The student has an opportunity to 


courtesy to the speaker and to the audience. 
self-discipline, 
broadness of view. 


understanding of human _ nature, 
develop writing and speaking ability and the technique 
of influencing others. All of are the 
skills of co-ordination and co-operation so much needed 
in modern and professional life. If he is to 


succeed, the practicing engineer must possess these skills 


these common 


industrial 


to as great a degree as his technical skills. 

The AIEE Branch affords unlimited opportunity for 
independent activity and initiative on the part of the 
students for cultivating those qualities and skills essential 
to the practicing engineer, but difficult to acquire in the 
classroom. Development of these qualities is aided by 
making use of the AIEE publications, by taking part in the 
work of the Branch, by meetings and entering into discus- 
sions with other student engineers, by presenting papers, 
especially in the Branch competitions, and by observing 
the techniques of older practicing engineers when they visit 
the branch to share their knowledge with the Branch 
members. 

Affiliation with AIEE, the largest professional society in 
the (58,000 including students), 
mediately adds prestige to the student engineer. It is a 
start toward having his name listed, along with all of the 
active and outstanding members of the electrical engineer- 
ing profession, in the AIEE Membership Directory when he 


world members, im- 
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transfers on graduation to grade of Associate Member. 
This is a mark of distinction that provides an excellent start 
in his profession. 

AIEE is the only electrical engineering society that is 
dedicated not only to the advancement of the arts and 
sciences, but also to the advancement of its members pro- 
fessionally. AIEE devotes a considerable part of its re- 
sources and time of its members in activities of a purely 
unselfish professional nature. ‘These areas include sponsor- 
ing and actively participating in the work of Engineers 
Council for Professional Development, which has accom- 
plished much in raising the standards of education and in 
helping young men to become better engineers and useful 
members of society. 

Another field of AIEE participation is in Engineers Joint 
Council, the nearest approach we have to a Unity organiza- 
tion. AIEE is one of the most active societies working 
consistently toward ultimate complete unification of the 
AIEE, in conjunction with ASME, 


engineering profession. 


ASCE, AIME 
library in the world. 


and maintains the finest engineering 


We can sum up “mathematically”’ this discussion with an 
equation, AJEE=7C+P". 


up to Technical Competence plus Professionalism 


adds 
Pro- 
Technical Competence is a 


In other words, 


fessionalism to the nth power. 


requirement of membership. The value of n is a direct 


ratio of your participation in the professional work of the 
Institute. The results are “you’’ multiplied by the extent 
of your participation. 

The difficulties young men have to contend with today 
are much more complex than the simple and obvious ones 
the 


They are less obvious but they are difficulties which young 


attending beginning of our organized profession. 
men can overcome by joining together and working together 
in the professional society serving their interests. For the 
electrical engineering student, this is the American Institute 
of Electrical Engineers, the one society which serves all 


electrical engineers regardless of specialization. 
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His Training and Utilization in Industry 


S. B. 


jith the shortage of engineering talent, the 

effective utilization of technical skills in industry 

is essential. The author describes the approach 

being taken by Bell Telephone Laboratories in 
solving this important problem. 


ITH THE INCREASING COMPLEXITY of our 
technology and with the very high level of industrial 
activity prevailing in recent years, engineering 
It is, therefore, important for 


We must 


talent is in very short supply. 
us to conserve it carefully and use it efficiently. 
use our engineers so that they are as productive as possible. 
This is one thing that we mean by full utilization. It 
means using engineers for a professional grade of work only. 
But we should look at the problem more broadly and con- 
sider another aspect of full utilization. Our technology is 
complex and is going to continue to increase in complexity. 
It is strongly believed that our economy is going to con- 
tinue to function on a high level. The number of potential 
engineers has a definite limit because only a fraction of our 
secondary school students are capable of or interested in 
pursuing the rigorous discipline of sound engineering train- 
ing. Therefore, we should be concerned not only with the 


Essentially full text of a conference paper presented at the Fall General Meeting, Chi- 
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productivity of the engineer today, but also with what his 
We should be concerned 
then, 


productivity will be in the future. 
with full utilization over a period of time. This, 
leads intothesecond aspect of the full utilization of engineers 
the continuing development of the engineer after his gradua- 
tion from college. 

This discussion will be limited to one broad area of 
engineering, research and development, taking the field of 
communications as an example and the Bell Telephone 


Laboratories as a specific case. 
EFFICIENT 


USE OF PERSONNEI 


IN COMMON with the rest of industry we are attempting to 
engineers 


and scientists, only for work which makes use of the ad- 


utilize the members of our technical staff, the 
vanced academic training with which they are equipped 
The rest of the technical job frequently can be done as well, 
and sometimes better, by the other members of the tech- 
nical team, the technician, the draftsman, and the shop 
mechanic. In our organization are grouped together these 
categories of technical workers who also work on the tech- 
nical job but in a supporting capacity as the assistant tech- 
nical staff. Within the last five years, we have increased 
the ratio of assistant technical staff to technical staff 
50 per cent until now the numbers in each group are aj 
proximately equal. The biggest increase is in the tec 


nician category. Where formerly there was one tech- 
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nician for every four members of the technical staff, there is 
now about one for every two. 


QUALIFICATIONS FOR ADMISSION 


WHILE INCREASING THE SUPPORT given to the professional 
technical staff, the required 
for new recruits to it have been continuously increased for 
many 


minimum qualifications 


years. Our practices have crystallized with the 
post World War II recruiting, the introduction of a Com- 
munications Development Training Program for college 
graduates, and the clarification of policy with respect to the 
use of technical aides. About 20 per cent of the new ad- 
ditions to the technical staff are trained to the Ph.D. level. 
[he training program which is given to all other new 
college recruits at the bachelor’s or master’s level we con- 
sider at least the equivalent of a year of graduate work. 
Much of it is fundamental in content although it is not a 
degree program, and the engineers entering it are care- 
fully selected on the basis of their academic records. I 
think, therefore, that it is fair to say that the minimum re- 
quirement for our technical staff is a master’s degree or the 
equivalent. 


THE TECHNICIAN AREA 


WITH SUCH STRINGENT REQUIREMENTS for admission to the 
technical staff, we are trying to make it a group engaged in 
technical work of a strictly professional character. Thus, a 
challenging level of work exists in the subprofessional area, 
leaving room for the more capable employees in the tech- 
nician grades to grow to the top technical aide classifications 
Three 

The 


technical assistant, requires preparation to the 


without diluting the quality of the technical staff 


technical aide classifications have been defined 


lowest, 


technical institute or equivalent level. Technical assist- 


ints work under close direction of more senior members of 
the organization, in a supporting capacity. ‘The second, 
technical staff associate, requires greater experience on the 
iob, demonstrated ability to carry on work of a greater 
degree of complexity and with less supervision than is given 


the technical assistants, and sometimes more formal training. 


Che third, senior technical associate, is a classification carry- 


ing sufficient responsibility and latitude for the exercise of 
independent judgment to make it qualify for exemption 
under the Fair Labor Standards Act. In general, it re- 
quires a formal preparation equivalent to a four-year 
college course. It involves the ability to undertake work 
independently on a project basis. In many organizations 
this work would be classed as work of an engineering 
grade. Salary ranges of all three classifications are com- 
mensurate with the responsibility involved. Progress from 
one classification to another is controlled by a committee 
which assesses documentary evidence of an employee’s 
demonstrated ability to qualify for the next higher classi- 
fication. A few outstanding technical aides are able to 
receive full professional status as members of the technical 
staff by demonstrating on-the-job ability to make tech- 
nical contributions of fully professional grade. Technical 
iides who receive accredited evening engineering degrees 
with sufficient distinction to meet the high recruiting stand- 
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ards for the technical staff may then be reclassified and enter 
the training program as would a new recruit from college. 


COMMUNICATIONS DEVELOPMENT TRAINING 
PROGRAM 
I'HE NEW COLLEGE RECRUITS at either the bachelor’s or 
master’s level enter the Communications Development 
Training Program, which occupies their entire time 
for their first year with the company and part of their 
time for the following two years. In this program our 
We are concerned, 
of course, with orienting the new recruits in the organization 


objectives primarily are long range. 


and informing them of the many aspects of our special tech- 
nology so that they may become effective contributors to 
our current development programs early in their careers. 
But although these aims are important, we could not justify 
a training program of such an extensive nature for such 
limited objectives. We are keenly aware that these young 
graduates are the new blood of our technical organization 
As such, it is their ultimate potentialities for development 
rather than their immediate productivity which really 
counts most. We are concerned with providing these new 
technical staff members with engineering training of a 
fundamental nature which will equip them to attack the 
complex problems of the future by the most effective 
analytical methods available. We know that in the dy- 
namic technology of the mid-20th Century no training today 
can equip an engineer to solve the problems of tomorrow. 
If he is to function most effectively, his education and de- 
velopment will have to be a continuing process and he 
himself will have to be responsible for keeping his technical 
capabilities abreast of the technical arts of the future. 
Experience has shown that whole new technologies evolve 
from time to time and that our engineers need to master 
new areas of knowledge and new skills foreign to their 
previous experience. We are concerned, therefore, with 
laying an educational foundation on which a sound struc- 
ture of continuing technical self-development can be built. 
We believe that the best foundation for such continuing self- 
development consists of an education in depth and the 
attainment of technical maturity and not the mastery of 
numerous specific skills. All of these considerations have 


led us to the development of a curriculum much more 
fundamental in content than one might, at first glance, 


expect to find in an industrial training program. 


History of the Program. This approach to the problem 
was learned by experience. The C.D.T. Program, as we 
call it briefly, was initiated in 1948. In the original cur- 
riculum the primary emphasis was on courses in the various 
areas of our technology; for example, radio transmission, 
wire transmission, outside plant, and courses in automatic 
dial switching. Experience showed that these courses, 
taught by members of our own technical staff, specialists in 
their fields, had a tendency to become handbook and voca- 
tional types of courses, informational and specialized rather 
than The students suffered from mental 
indigestion as a result of the mass of detail with which they 


were presented. 


fundamental. 
In 1952, an evaluation of the program 
was made and the conclusion was reached that our ob- 


jectives would best be met by offering a curriculum much 
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more fundamental in nature than formerly and similar in 
many respects to the graduate programs offered by the uni- 
versities. It would differ from the university graduate 
programs in that it would be oriented toward communica- 
tions technology in a broad sense and would draw heavily 
on the extensive resources available to us in our own re- 
search and fundamental development areas, as well as on the 
published literature for new knowledge, concepts, and 
theory. Also, it would include courses aimed specifically 
toward the objectives of orientation in the company and 
indoctrination in our own technology. A series of rota- 
tional work assignments in technical departments, follow- 
ing the pattern established in the original program and also 
aimed at orientation, would be continued. 

This is the program as it exists today. For the first year, 
the entire time of the new man is devoted to the program. 
Classroom work consists of lectures and opportunities for 
recitation on three days of each week. Time is provided 
for study during regular working hours, but many students 
in the program spend from 10 to 15 hours per week in out- 
side preparation. The remaining two days are spent on 
rotational assignments in the technical departments. In 
the second and third years, classroom work is reduced to 
one day per week, and the student having completed his 
rotational assignments enters the technical department for 
which he was hired initially, which is called his sponsoring 
department, and he is integrated into one of its regular 
projects. 


The ‘. D. Ir. Courses ] he 


mental in nature, and all students pursue the same courses 


first-year courses are funda- 


of study, as listed in Table I 


Table L. 


Communications Development Training Program 


First Year Curriculum 





First Term Second Term Third Term 

Fundamental Circuit 
Theory 

Solid State Physics 


Communication Theory 


Mathematics Analysis I Analysis II 
f Waves Atomic Physics 
Communications Probability and Logic anc 


Physics Physics « 

1 Switching 
Statistics 

Orientation Bell System II 


Bell System III 


Bell System I 


In those instances where a student has considerable ad- 
vanced training, credit is sometimes granted for courses in 
Such a student takes a 
with others like himself, studies 


advanced topics outside of the regular curriculum. 


which he already is well prepared. 
reduced program or, 

In addition to the orientation course described, there are 
three groups of courses dealing with the fundamental 
disciplines of mathematics, physics, and communications. 
The mathematics group deals with topics of particular im- 
portance in the communications field, functions of a com- 
plex variable, the LaPlace transformation, Fourier analysis, 
linear vector spaces, and the analytic aspects of linear circuit 
theory. The physics group contains a course in the physics 
of waves, inasmuch as wave motion is the basis of all com- 
munications phenomena; atomic physics, which is often 


not included in undergraduate engineering curricula; 


and the physics of solids, a subject of great importance now 


that the transistor and related semiconductor devices 
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Table I. Communications Development Training Program 


Second and Third Year Curriculum 


Group A. Required Advanced Courses 





Number Title 
A2 indamentalis 
A3 Semiconductor 
A4 Electron Tubes 
A5 Electronic Ci 


”f Technical Writing 


Devices 


Table II. 


Communications Development Training Program 
Second and Third Year Curriculum 


Group B. Engineering Fundamentals Courses 





Number Title 


B1-I Microwaves 
B1-II Microwaves 
B2 Passive Netw 
B3 Modulation Theory 
B4 Unifunctional Switct 
BS A 


rks and 


yustics 


B6 Probability Applied t 
B7 Design of Experiments 
B8 ( 
B10 Human Engineering 

Bil Design for Production and Serv 
Bi2 Advanced Mechanics and Dyna 


ommunications Enginee 


Table IV. Communications Development Training Program 


Second and Third Year Curriculum 


Group C. Courses for Specific Areas of Work 





Title 
. 

Transmission Systems Desigr 
Servomechanisms 
Multifunctional Switchi 
Systems Engineer 

mputers 

ciples 


Design Principles 
Design of Relays 


promise to revolutionize the entire tec hnology of commun 
tions during the engineering careers of these young men 
The communications group starts with a course in prol 
ibility and statistics, in which the emphasis is placed on the 
interpretation and significance of laboratory data. 


largely 


communicatl 


followed by courses on logic and switching, 


mathematics of digital systems; and 
theory, including the concepts of information theory. 
The called the Bell 


It devotes approximately one third 


orientation course, System, runs 
throughout the year. 
of the time to orienting the student in the training progran 
and in the Bell Laboratories, introducing him to the inter 
relations of the various parts of the Bell System, and giving 
an introductory treatment of engineering economy and of 
public utility economics and rate making. ‘The remaining 
two thirds is devoted to a study of the various transmission 
and switching sstems and of the outside plant which con- 
stitute the existing facilities of the company. 

The second- and third-year curriculum is more specialized 
and is largely elective. The program of courses which a 
student takes is determined by his sponsoring department 
and depends upon the needs of the department as well as on 
the interests and aptitudes of the individual concerned 
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There are three groups of courses, A, B, and C, shown in 
Tables II, III, and IV, respectively. 

Group A consists of three courses in electronic devices 
and circuits and a course in technical writing. ‘These are 
required of all students, because electronics is basic to 
modern communications, and experience has shown that 
almost all engineering graduates can profit by further 
training in writing and that many need it badly. 

Group B, a series of 12 courses on what we consider to 
constitute the engineering fundamentals of modern com- 
munications, leads up to group C, which deals in a rather 
specific way with various fields of Laboratories work in both 
the telephone and military areas. In the 
brevity, a detailed description of these courses will be 
omitted here Even in the group C courses the attempt is 
to deal with the principles and the methodology of design 
and engineering rather than to catalogue the information of 
the various fields. By the time the student reaches this 
part of the program he has not only the background of the 
earlier courses, but also from two to three years of company 
experience so that he is prepared to approach the subject 


matter in a mature way. 


Administration of the Program. ‘The responsibility for the 
planning and presentation of the courses is vested in ap- 
propriate technical departments of the Laboratories in 
order to keep the curriculum abreast of the most recent 
advances in the various fields. The research departments 
contribute heavily to the fundamental disciplines of the 


The 


sponsibility for courses of a more specific engineering nature. 


first year developmént departments assume re- 


In recent years, arrangements have been made with neigh- 
boring graduate schools to have certain of the more funda- 
mental courses presented by members of their faculties. 
This has been done as a part of our program, on our prem- 
ises, and close co-ordination with our technical departments 
We that this co- 
education added 
strength to our program, and hope that it has been of 


We 


has been carefully maintained. feel 


operation between industry and has 
benefit also to the institutions and to their faculties. 
are desirous of extending it in the future. 

Little has been said so far about the rotational work 
assignments which take place during the first year, al- 
though they are a most important part of the program. 
to broaden the new member and to 


hey are designed 


increase his potential usefulness to the organization. There 
are assignments tothree departments which have beenchosen 
because they offer technical experience of widely diverse 
types and because of the relation of their work to that of the 
sponsoring department. In each of these temporary as- 
signments a new member works at a regular and productive 
job which is a part of the department’s regular program. 
his is in no sense “‘made work,” although prime concern is 
that the new member learn, rather than that he produce. 
Care is maintained to see that the grade of work given to the 
trainee is of professional level. It is intended that in this 
part of the training program the student encounter in prac- 


tice the many interrelations of his department with others, 


*An announcement of cour specific course outlines is available on request from 
the author 
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and that he learn something of the philosophy of the de- 
partments with which he will co-operate in his future work. 
Moreover, the opportunity to work closely with men in 
these related departments is of great advantage to a new 
member. In this way, he becomes acquainted with them, 
and when he needs advice or assistance in the future, he will 


know where to go for it. 


OTHER EDUCATIONAL PROGRAMS 


WE HAVE SAID that the education and self-development, 
of the process. Aids 
organized and informal, are maintained by the company to 
encourage the members of the technical staff to continue 
their education after the conclusion of the three years spent 
in the C.D.T. Program. There is a program of out-of- 
hours courses taught, for the most part, by members of the 


engineer must be a continuing 


technical staff on a variety of technical subjects. These are 
offered at all major locations and vary in subject matter 
from year to year according to the interests indicated by the 
departments through committees organized for the purpose 
of determining the current needs. ‘They are not limited to 
the professional level, many being offered for the sub- 
professional levels of employees. On the other hand, many 
of them are comparable in level and content to the C.D.T. 
courses. There is a series of out-of-hours lectures open to 
all employees on technical topics of timely interest in com- 
pany technology. New developments, new systems, and 
new techniques are described by those having firsthand 
knowledge of them. There is a part-time graduate study 
plan under which qualified employees can pursue graduate 
study at neighboring educational institutions toward ad- 
vanced degrees, taking time off during regular working 
hours up to a maximum of 7!/2 hours per week without 
loss of salary. 

In addition to these organized educational activities, the 
company encourages participation in the affairs of pro- 
fessional societies, has a liberal policy on publication, and 
supports a technical library of 58,000 volumes and 800 


current periodicals. 


CONCLUSION 


IT SHOULD BE EMPHASIZED that although one approach to 
the problem of the full the 
engineer has been described, an approach that we think is 


utilization of graduate 
well suited to our particular circumstances in the Bell 
Laboratories, it is not necessarily applicable to all of in- 
dustry. The requirements of the research and develop- 
ment area of engineering are somewhat different from those 
of other areas—for example, of manufacturing, operating, 
and sales. Among research and development laboratories 
we are somewhat unusual in our size, in the stability of 
our staff, in the nature of our industry, and in the long- 


range character of our technical programs. What is right 


for Bell Laboratories may not be appropriate in other 
companies. 


However, it may be stated, in general, that in 
thinking of the full utilization of the engineer we should 
The life- 
time career of a graduate engineer represents a very long 
period in the rapidly changing technology in which he is 
going to play a part. 


think always of tomorrow as well as of today. 
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An Analysis 


of the Linear Pulsed Oscillator 


MARK BIEDEBACH 
STUDENT MEMBER AIEE 


This oscillator, similar in design to the type used 
with high-frequency circuits whenever a stable 
train of pulsed oscillations is required, was 
constructed especially for analyzing the effect 
of feedback on the oscillator’s transient re- 
sponse. The relation of zeros and poles of a 
network may be observed experimentally. 


N ACCORDANCE with the expanding program of the 
I servomechanisms laboratory at the University of 
Southern California, Los Angeles, Calif., it was de- 
cided that a linear pulsed oscillator should be constructed 
for the purpose of giving students an opportunity to study 
and analyze the effect of feedback upon the roots of the 
oscillator’s transient response. 
A pulsed oscillator is a resonant circuit employing feed- 


back. 
odic rate, allowing continuous observation of the phe- 


The oscillations are stopped and started at a peri- 
nomenon of oscillator build-up. The unit is a valuable 
tool, allowing the student an exceptional opportunity to 
observe experimentally the role played by poles and zeros 
in the performance. 

Since construction was completed in November 1954 
(Fig. 1), the unit has been used by over 20 groups of students 
who have analyzed the oscillator, by plotting its damping 
factor, damped angular frequency, feedback ratio, and 
root locus plot. 
connection with radar-ranging circuits and 


This general type of circuit is used in 
laboratory 
setups, whenever it is desired to obtain a marginally 
stable train of pulsed oscillations. These oscillations may, 
in turn, be used to determine the transient response of 
another network.! 

The original analysis that follows has been verified by 
analytical and experimental work. 


CIRCUIT DESCRIPTION 
REFERRING to the complete schematic diagram, Fig. 2, 
sinusoidal line voltage is first rectified and then coupled 
through a cathode follower, where the waveform is clipped 
because of the plate-current cutoff, to a conventional triode 
amplifier. The resulting square wave is again rectified 
by a small germanium diode and applied to the grid of the 


next triode stage. This triode is made to alternately have 


zero bias and then be driven beyond plate-current cutoff 


In the cathode circuit 
of the tube is an inductance—capacitor combination forming 


by the action of the square wave. 


Text of the paper awarded first prize in Institute Prize for Best Student Paper con- 
test, and first presented at the District 8 prize paper competition, May 22, 1955 
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Linear Pulsed Oscillator 


a parallel-resonant circuit. Feedback is then accomplished 
by applying the entire voltage across the coil to the input 
of a cathode follower that has a gain slightly less than unity. 
The output of the cathode follower is fed back in series with 
rhe 


coil was wound upon a toroidal core resulting in a Q in 


a variable resistance to the center tap of the coil. 


excess of 100 in the operating region of 12 kc. Also, since 


the core material is powdered molybdenum permalloy, 


it has a very high-saturation flux density and a value of 


reluctance that is quite constant. This produces an in- 


ductance characteristic that is constant with respect to 


the range of a-c and d-c currents flowing through it. 

At the point on the rectangular pulse A in Fig. 

grid voltage of the triode has been zero and direct current 
f 


has been flowing through the tube and inductor. How- 
ever, at =A, the tube immediately goes to cutoff and cur- 
With feedback 


been flowing 


rent ceases flowing through the tube. 
that 


through an oscillatory circuit which is connected to a 


omitted, imagine direct current has 


switch that is instantaneously opened at the time, ‘=A 
(Fig. 3B). 


the circuit to oscillate or 


Thus, the initial condition exists which causes 
“ring.” The resistance of the coil 
and leads causes the oscillations to dampen exponentially 
when no feedback is present. 

At time B, the grid bias immediately returns from a 
The tube itself, then 
Fig. 3C). 
From the incremental equivalent circuit the behavior 
This is equivalent to closing 
a switch in series with a relatively low value of resistance, 


plate-current-cutoff value to zero. 


i 1 


produces a large amount of degenerative feedback 
after time B can be visualized. 


thus shunting the resonant circuit and causing the oscilla- 
tions to damp out in an interval of less than a cycle. 


ANALYSIS OF THE EQUIVALENT CIRCUIT 
DuRING THE INTERVAL from A to B, consider the equiva- 


lent circuit of the oscillator, as shown in Fig [he entire 


voltage across the resonant circuit is ipplied to the input 
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Fig. 1. Linear 


pulsed oscillator; 
top and _ bottom 


views 


f a cathode follower having an unloaded gain of A and an 
output impedance here considered to be resistive and of 
magnitude R,;. If the voltage across the entire coil and 
condenser is labeled £,, then the equivalent Thevenin 
generator produces a voltage AE}. AE, is divided across 
the internal resistance of the cathode follower R;, a variable 
feedback resistor R,, and one half of the coil. A current 
]; flows in this loop through half of the coil, thus completing 
the feedback path. 
inductance 


value of L/4 to each half of 
the center-tapped toroid, the mutual inductance between 


Assigning an 
the two coil sections becomes L/4, inasmuch as the coupling 
coefficient for two coils on a toroid is very close to unity 


I 
4 


M=K+v/Lil 1 nF ~ 
Vv Lile = 
4 4 


The magnitude of the total inductance can now be ex- 


pressed quite simply as L. 
Lror=11+12+2M 

In order to observe the principles underlying the operation 
of this circuit, one must derive an equation that expresses 
the nature of the voltage F, as a function of time. 

Writing loop equations for the two loops through which 
currents J; and J» flow, and including the effect of the initial 
current p, one obtains two simultaneous equations for the 
solution of either J; or J, For ease of handling, the equa- 
tions have been written with the aid of Laplace transforms. 


boy: ae L eR i le 
_? Ry Rts Ii(s)- 5 sty I:(s) = AE\(s) r5P (1) 
es Ge 1 (0+) 
“st Ih(s)+| Ls+R+— |h(s)=—Lp— 
2 L ca 


s 
Note that 


L dit) 
2 dt 


L 
* — 5 [slals) +o] 
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and 


1 : 1} Ins) 270+) Is) , es(O+) 
1 =F i(t)de | =—| —— +————- |= —— 
sf Efi ] Al 5 * 5 | Cs a s 


since 
Ces(0+) =91(0+) =i, (0+) = fis \dt evaluated at t=(0+) 


Where p is defined as the initial current in the inductor 
at the time, t= (0+), and is flowing in a direction opposite 
to that of Jz, and e:(t) is the capacitor voltage. 

Substituting J2(s)/sC for E,(s) in equation 1, rearranging, 
and multiplying by 2, then 


L R ree 
2 a s+ Ryt+ hits I(s)-—2 9 V5 TG, Ix(s)=Lp 


This can be combined with equation 2; using these two 


equations, J2(s) can be expressed as the quotient of two 
determinants 


L 
| ~ s+2(Ry+Ry)+ R| Lp 


L R 2,(0+ 
oe it; —| Lot 
z ; 2A 


————= 
S$ 2R/+R)+R |- Ls+R+— 


ow te ne. 
~L2 **2 a " <a 


The determinant in the denominator is called the system 
determinant and determines the stability of the circuit. 
Since the current J, flows only through the capacitor, it is 


I2(s) 


directly proportional to the time derivative of the voltage 
across the capacitor F; in the equation 


R 0+)PL 
Lol 28, +R,)+ | eT: | L 
2 5 2 


sCE\(s)=1I2(s)= a ee 
L (2z,+2R.+7):+2( 


> 





R 1 
R(2ep+2R+5) +2 (2R, +2R,+R—RA) (3) 
< Ss 


This expression is obtained by expanding the determinants 
and collecting terms. 
A quantity 8 is defined as 


R/2 
(Ry +R) +R/2 


R 
4(Ry+Ry)+R 


The quantity 8 is quite similar in its effect to what 
is termed the feedback ratio in a feedback amplifier, 
although strictly it does not represent the ratio of voltage fed 
back to the output voltage as does the feedback ratio in the 
feedback amplifier. Then 


R 
Ry+Ri)+= == 


and 


R 
ARs +Ri)=> (1/8—1) 
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lherefore, by substituting equations 5 and 6 into equation 


3, one obtains 


R e(0+)) L R 1 
"Sar a Led +5) 
7 A Rfifi wes ; 

28 C\2 4) 28 CsL2\8 ) 


Dividing by LR/28 yields 


8CE,(s) = 


a (0+ )[1+ 8] 
oy L 
Ls 


(1+86-—2A8B) 


Be,(0+)/R can usually be 


compared with p. 


neglected as it is very small 
See Appendix 4A for further explanation 
in terms of parameters used. 

If 8 is multiplied by (1—2A 
is defined. ¥ 


), a dimensionless quantity 7 
is quite similar in its effect to the feedback 
factor or the open-loop transmission for a feedback ampli- 
2A)B. Since A 


always positive and slightly less than unity, 7 


fier: y=(1- (cathode-follower gain) is 

will always 

be a negative real number. 
Substituting the expression for 4 


into equation 7, the 


voltage across the resonant circuit can be 


if 1+ 8 | 
- e,(0+ ) 


we 
R 1 
Be ( + s+ (1+y7 
RC'L ) LC 


The denominator of the expression is a second degree 


expressed : 


polynomial in (s), which indicates that the response is 
governed by a second-order linear differential equation 
with constant coefficients. 

The second term of the denominator plays a particularly 
Di- 
The 
R/L term is a function of the Q of the coil, and contributes 
The 
y/RC term indicates the influence of feedback on the damp- 


important role in the damping of the oscillation. 


mensionally, the terms are reciprocal time constants. 
to exponential decay even if feedback were absent. 


ing by combining y with the RC time constant, in direct 


addition to the regular (R/L) term. 
INTERPRETATION OF EQUATION 


CONSIDER THE ANALYSIS of equation 8 by first factoring 


the denominator of the expression for the voltage across 





uw. 


Fig. 3. A—Pulse; B—Oscillatory circuit; C—Degenerative feed- 


back 


coil and capacitor. By completion of the square, one 


obtains 


2 i Y 1 
s*-f- + 
(z. 


Collecting terms 


Let a refer to the negative of the constant within the 
first squared term, and w,? be equal to the remaining con- 


The the 


and w, is the angular frequency 


stants (see Appendix (). value a determines 


damping; of the damped 


oscillations. 
( y R i ‘( y R\? 
a=— + - a? — — 
2\ Re i) Le 4\RC i) 
‘herefore, substituting equation 10 into equation 9 


l 1+8 
is » =f e(0+ 
ny F 


2 


a 


(11) 
s—a)*+w 
Since equation 11 is of the form ki+k2/s/(s—a)?+w¢’, 


then, by taking the inverse transform, one obtains the 


form of the corresponding time solution 
elt Kyu(t)+Kye™ sin (wgt+¢) (12) 
would ex- 


This is what one 


pect since the coil and capaci 








Fig. 2. Linear pulsed oscillator 
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tor contribute a sinusoidal re 


sponse that would be com- 
bined with exponential damp 
ing as aresult of resistance in 
the circuit. feed- 


back is employed in the cir- 


But since 


cuit, the resistance that would 
normally result in exponential 
decay (Figs. 5 and 6) can be 
exactly offset by the proper 
amountof feedback. Agreater 
amount of feedback causes 
the circuit to be unstable and 
the “builds 


response up” 
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Oscillator 
circuit 


Fig. 4. 


equivalent 





exponentially until finally nonlinearities and saturation in 
arious components limit the build-up. 

In a linear passive network the transient solution must 
involve an exponential term with a negative exponent. 
But in this case, the exponent @ Can be either positive or 
negative because of the nature of the active source. 
y=B(1-—2A), 4 
whenever the cathode follower gain A is greater than one 
half. 


Since 


will certainly take on negative values 


The gain for the cathode follower is about 0.9. Thus, 


whenever y/RC has a negative value that is numerically 
R/L, 
unstable exponential build-up will occur (Fig. 7). 

When y/RC=R/L, 


there will be no damping at all (Fig. 8). 


greater than the exponent a will be positive, and 
the system is marginally stable and 
This would be the 
case for a resistanceless coil-and-condenser combination 
excited by a short pulse or an initial condition. By freezing 
1 coil-and-condenser combination to within a fraction of a 
degree of absolute zero the circuit can be made to oscillate 


for weeks 


LOCATION OF ZEROS AND POLES 


['O AID IN UNDERSTANDING damped oscillations, consider 
the location of the zeros and poles of this network and their 
First of all, 
rewrite equation 11, modifying it to take the form 


relation to the “‘complex frequency plane.’”? 


5 


where 
a-T]q 
Th a—Jwq 


To explore the roots of the denominator, one can observe 
them plotted on a complex frequency plane. They are 
complex conjugate quantities and each can be considered 
as an exponent of ¢ in a general transient solution. 

If s were equal to either of the roots in equation 13, 
factor of its denominator would become 


either zero. 


Therefore, these roots are termed ‘“‘zeros”’ of the function 
in the denominator. But, when s takes on values of any 
of these roots, not only does the denominator become zero, 
but the entire impedance function becomes infinite. For 
this reason, the roots may also be termed “‘poles” of the 
entire function. 

The poles may now be plotted on the complex plane, 
as shown in Fig. 9. The quantity a which determines damp- 
ing, also determines whether the poles lie in the right half 
plane or in the left half plane according as they are negative 
or positive. If the poles lie in the left half plane, the damp- 
ing is in the form of exponential decay (Figs. 5 and 6). 
If the poles are in the right half plane an exponential 
(Fig. 7). Marginal 


when the poles are on the imaginary or 


“build-up” results stability exists 


‘ 


‘real frequency 
axis” (Fig. 8). 


CIRCUIT APPLICATIONS 


THUS, MERELY BY SUBJECTING A NETWORK to a periodic 
initial condition, one can photograph the transient re- 
sponse immediately on the oscilloscope. If the network 
has only two poles, one can determine the damped angular 
frequency by noting the pulse repetition rate and counting 
cycles. Similarly, the real part on the root is directly 
proportional to the ratio of the damped angular frequency 
w, and the number of cycles to half amplitude (Appendix 
B, last equation). The roots can now be plotted on the 
complex plane. From this plot the impedance and phase 
shift of the system can be determined graphically as func- 
tions of frequency.* This would be of considerable value 
in cases where impedance is difficult to determine ac- 
curately by conventional means. 

More often, however, the impedance and phase shift or 
attenuation and phase shift are plotted as functions of 
frequency from experimental data. The position of the 
poles and zeros are then determined and the transient re- 


RESPONSE: 


Fig. 5. No feedback. Stable system. 
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Fig. 7. Unstable system. 


Fig. 8. Marginally stable system. 
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LEFT-HALF sponse can be predicted, even 
PLANE 


with a reasonably complex 
system.” 

Aside the that 
the circuit is extremely useful 





from fact 





in illustrating some important 
principles, what practical pur- 
pose does it serve? 

Actually, a tuned circuit 
be inserted into the os- 


Fig. 9. Poles plotted 
on complex plane ma\ 
cillator and the response re- 
corded; or the oscillator may 
be used to generate a sinusoidal signal of varying amplitude 
and fed to a tuned coupling network or a stage of tuned 
amplifications. In the latter application, the oscillator 
may be adjusted for marginally stable operation and a 
sinusoidal carrier is effectively modulated with a square 
wave of rather rapid rise time. Thus, the rise time and 
decay time of the coupling network may readily be de- 
termined.! 

This is of importance in intermediate frequency ampli- 
fiers, where one would like to determine the response of 
the network to the audio portion of the modulated signal. 
Also, in pulse transmission and television systems the rise 
time and transient response of pulse transformers and video 
amplifiers is of major importance. 


CONCLUSION 


FROM THE ANALYsIS of the pulsed oscillator, it is clear 
that in designing any type of sinusoidal oscillator, the poles 
of the system function must be located in the right half 
plane for oscillation to occur. But the poles should also lie 
quite close to the real frequency axis in order that relaxation 
and clipping effects do not take place. 

The relation of the zeros and poles of a network to the 


But 


even of greater importance, the performance of the os- 


equations governing its operation has been observed. 


cillator circuit has been predicted, and experimental 
verification has been given. 

Underlying all of electronics is a wonderful pattern of 
mathematical concepts. The romance of electronics owes 
much to men who have dedicated their lives to the in- 


vestigation of its principles. 


Appendix A. Comparison 


To show that 8e,(0+ )/R will usually be negligible in comparison with 
actual unit, then R=13.0 ohms; 
and Rpc=4 ohms pRpoc= 


(Rr+R;)>10h 


p. Using values encountered in 
p19 milliamperes; Therefore ¢;(0+ 


76X1073 volts. Now Therefore 


R 13 
~ 4(Ry+Ri)+R ~4(10k) 


~3x 10-4 


B 


Therefore 


Be(O+ ) 
R 


amperes=1.7 X 10~* milliamperes 


which is negligible in comparison with p=9 milliamperes. 
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Appendix B. Damping Ratio 


A quantity customarily called the closed-loop damping ratio? and 
denoted by ¢ as well as the undamped natural frequency w,, can be 


found from equation 8 


2fay = 


Therefore 


1+ 
™ \ LC 


JV! Aaah 

R* I 15) 
24 1+>5 

then (¢ with 


If there were no feedback, 8 and hence y would be zero; 


feedback disconnected 


: R°C 
fo= \ I 


Then, in general 


The per unit critical damping ¢ is easy to determine from a photo- 


graph of the wave train at any condition of positive damping (ex- 


yonential decay ), from 
tial d f 
0.1108 
t= 
2nrN 


Where N is the number of cycles to half amplitude. 


Appendix C. Effect of Feedback and 
Damping Ratio Upon the Damped and 
Undamped Angular Frequencies 


wg? can also be expressed as 


eS is 2 
 2e 4\2¢ 26 


where wg is the damped l 


angular frequency. Compare the 


expression with 
1 
LC 


w,? 


which is the undamped natural frequency. 


and {> upon wg and w, can be noted 
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The Linear Pulse Stretching Circuit 


ARVIN 


STUDENT 


Accurate determination of the width of short- 
duration pulses, using common low-bandwidth 
equipment, is accomplished by the linear pulse 
stretching circuit. An unknown input pulse 
may be elongated by a known factor, and the 
wider pulse is more easily measured. Also in- 
cluded is an analysis of the associated wave- 
shaper, two methods of readout using available 
equipment, and the results of measurements. 


ULSE CIRCUITRY in recent years has played a 
P prominent role in the development of electronic 
equipment. One of the inherent problems in the 
utilization of pulses is that of pulse-width determination. 
Since many pulse circuits operate with short pulses, rela- 
tively high bandwidth is required. 
At present, oscilloscopes are usually employed in pulse- 
duration of the 


width measurements. However, when the 


1 


pulse to be measured is small, considered in terms of the 
upper frequency limit of the equipment, a large error is 
introduced. This error may be as great as 100 per cent. 
From this, it is easily seen that a more accurate method of 
determining the width of short-duration pulses is desirable. 

Since oscilloscopes and frequency counters are common 
they can be 


instruments, employed advantageously in 


making pulse measurements. The linear pulse stretching 
circuit provides a simple and effective method of both in- 
creasing the accuracy of such measurements, while utilizing 
In effect, the 
duration of which is much 


only common measuring devices. pulse 
stretcher produces a pulse, the 
longer than and proportional to the unknown width of the 
input pulse. The stretched pulse, being of longer duration 
than the input pulse, can be measured more accurately 


with the instruments available. Solving a problem by more 
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readily determining a quantity proportional to the un- 
known, rather than the unknown itself, is not a new method. 
This technique is used frequently in electrical engineering 
and physics. 

Although it is possible to design similar circuits over a 
variety of ranges of pulse-width inputs, this article will deal 
only with the one that operates in the range of pulse-width 
inputs of 1/10 to 5 microseconds. Other specifications 
of the unit are accuracy and adaptability to the available 
equipment. 

The material of this article is divided into two major sec- 
tions. The first deals with a theoretical analysis of the 
unit, and the second with a compilation of the experimental 


results and a discussion of their significance. 


ANALYSIS 


THE LINEAR PULSE STRETCHING CIRCUIT basically consists 


of 3 stages, as shown in Fig. 1. The input pulse enters a 


Fig. 1. Block diagram of unit, showing input and output 


waveforms of each stage 


clipper which maintains a constant amplitude for all 
values of pulse amplitude and width in the range of op- 
eration. The clipped input signal, the duration of which is 
unknown, is elongated by the pulse stretcher through con- 
The 


output of the stretcher is converted, in turn, to a rectang- 


version from a rectangular to a triangular waveform. 


ular waveform by means of the waveshaper, which consists 
of a series of amplifiers and clippers. The elongated pulse 
is then fed into a measuring instrument which records the 


duration. 


Pulse Stretcher. 
and discharge of a capacitor through a resistor to achieve a 


The stretching circuit utilizes the charge 


linearly proportional output. The pulse stretching circuit 


is shown in Fig. 2. 

The input signal is a positive pulse which is amplified 
and clipped previous to its application. It is necessary 
to maintain a constant voltage input for all pulse widths, 


for the duration of the output is dependent upon the input- 





signal amplitude. 
Text of the paper awarded second prize in Institute Prize for Best Student Prize Paper 
contest, and first presented at the District 3 prize paper competition, April 30, 1955. 
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Before the signal is applied, both D; and Dz are con- 
ducting and there is no current in C. 


the 1 


‘ diode resistances, represent a 


resistors, Re, Ri, and 
Since Rz is much greater than the other 
This 


voltage drop is large enough, so that for practical purposes 


voltage divider. 


resistors, the greatest voltage drop appears there. 


V; can be considered to be zero 
Upon application, the pulse charges the capacitor C; 


according to the relation 


e-=E,(1—e/*"°), 0<t<t, (1 


[ 


where @é, is the voltage across the capacitor, and £, is the 
amplitude of the input signal. A time constant is chosen 
such that, for the allowed range of input pulse widths, 
the operation is on the linear portion of the exponential 
charge, as shown in Fig. 3. 

At time ¢=¢), where ¢; is the width of the input pulse, the 
Phis 
entirely through R2 and £, for all other branches represent 
The 
series diode D; prevents the capacitor from discharging 
through R. 
as a switch, for it permits current flow through R during the 
The dis- 
charge is such that the following relation is satisfied 


capacitor begins to discharge. discharge occurs 


much higher impedances to the discharge current. 
D,, which is cut off during the discharge, acts 


charge, and prevents it during the discharge. 


¢e= Ey—(EotE)(1—e~/ Bie), t, <t (2) 


where £p is the value of the condenser voltage at ¢;, and E 
is the magnitude of the voltage in the discharge branch. 
The value of the time constant R2C is again made large so 
that the discharge may be assumed to be linear from 
é-=Eytoe,=0. 

Linearity is obtained by letting the discharge approach a 
negative potential E. The decay will be approximately 
linear for one tenth the time constant. 

Fig. 5A is a graphical representation of obtaining a 
linearly proportional stretch. The discharge to a negative 
potential increases the linearity of the discharge curve in the 
positive region. This is advantageous, for it is simpler to 
determine the width using e,=0 as a reference than using 
two values of e, as references. For accuracy in measure- 
ment, a clearly defined waveshape is necessary. If the 
the 
Chis 


condenser were to discharge to zero, the intercept of 


waveform on the reference axis would be ambiguous. 





Pulse 


circuit 





Fig. 2. 
stretching 


Fig. 3. 
tial 
curve, 


Exponen- 
charging 
showing 


range where line- nA IN 





arity can be as- 
sumed 
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The combination of 


oe 


Fig. 4. 
the circuit 


Equivalent circuits for the conditions present i 


is shown in Fig. 5B. The ambiguity would make 


possible, for all practical purposes, to determine the 
tion accurately. 
The return to a negative potential helps define the 
shape, but good definition is more directly related to the 
shunt diode Ds». 


Dz is not conducting, since the anode to cathode potential is 


When the capacitor voltage is positive, 


then negative. At some time f, the capacitor voltage 


becomes zero. The diode prevents the capacitor voltage 
from becoming negative, since it is effectively a short circu 
The diode acts as a ‘“‘baselin 


the 


following time fo. clipper,” 


giving a sharp edge to end of the stretched wa 


The output pulse duration may now be calculated. 


be the time when the shunt diode clips the 


te is therefore the duration of the output and can 


by setting e=0 in equation 2 The result is 


i= %C( log E Tey 


Equation 3 is an exact expression for 


Because the operation of the pulse stretcher 
charging of the capacitor approximately obeys tl 


pees O<t<t, 
RC 

This is found by taking the 

he Ids 


respect to ¢ at time ¢=0. 
The er: 


t/R,C is never greater than one tenth. 
approximation at one tenth is 5 per cent, which 
the (he discharge also 


mately linear and can be expressed as 


accuracy required. 


A= 
output 
pulse is triangular, 
with each leg be- 





Fig. §. 
Graphic 


ing linear, when 


discharge returns 
to a negative po- 
tential. B— 
Shape of the out- 
put pulse is am- 
biguous in the 
region of t’ and t” 
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By letting e, in equation 5 approach zero, a value of t2 can be 
found 
E.R 


te f ty 6) 
ER ( 


but te2>>1¢;, and therefore 


E;R 
te ER ty (7 ) 
This equation shows the linear variations of f: with 4. 
The term E,R:2/ER; is the ratio of t2 to ty and will be called 
the stretch ratio. This constant may be adjusted to permit 
a variety of elongation ratios, provided the approximations 
made are still valid. 

Equation 7 illustrates that a linear stretch is obtainable. 
However, the output waveshape is triangular, and a rec- 
tangular pulse is required by existing measuring equip- 
ment. Therefore, it is desirable to convert the waveform 


into a rectangular pulse. 


4 The waveshaper consists of a 


The Waveshaping Circuit. 
5-stage amplifier and clipper. A typical circuit is shown 
in Fig. 6. The method of obtaining a rectangular wave 
from the stretcher output utilizes low-level clipping of an 
amplified wave. In addition to the clipping action, this 
process tends to increase the slope of the nonvertical edge 


ofa waveform. The clipping in this circuit is accomplished 
by using plate-catching diodes 


Che 


Stave 


input to the waveshaper is amplified by the first 
The plate-catching diode D, is set so the amplified 
signal voltage can never exceed a certain prescribed value. 
Chis value is never greater than a few volts. 

Fig. 
out regard to the 180° phase shift in the amplifier. 


shows the amplifying and clipping process with- 
The 
dotted portion of the output represents what the amplified 
wave would be if there was no clipping. It will be noted 
that the slopes of the lagging and leading edges have been 
increased. 

The diode clips the waveform at a low level, removing 
the triangular peak. This process is repeated in each of the 
following stages. Each stage increases the slope of the 
lagging edge until the output pulse has a rectangular shape; 
output is shown in Fig. 8. To eliminate any possible under- 
shoot, baseline clipping diodes are employed in the third 
and fifth stages. A clipping diode is included in the grid 
circuit to eliminate undershoot present after the second 
amplifier. The last clipping diode is inserted in the plate 
circuit of the last stage. Clipping the undershoot at this 
point is imperative, since the actual measurement of pulse 


width is made after the last stage. Theoretically, the unit 
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Fig. 7 (top). 
Method of convert- 
ing a triangular toa 


LAGGING 
EDGE 


rectangular wave- 
form, utilizing 
amplification and 
low-level clipping. 
Fig. 8 (below). Out- 


put waveform 





UNDERSHOOT 


should operate satisfactorily over the prescribed range if the 
assumptions made are valid. 


PRACTICAL CIRCUIT 


THE PRACTICAL CIRCUIT will be discussed with emphasis 
on two phases; the first will be concerned with component 
selection, while the second will deal with the experimental 
results and their implications. Primarily, the components 
were selected for the properties of accuracy and stability. 
However, considerations pertaining to cost, physical suit- 


and The 


perimental results presented herein are based upon measure- 


ability useful life were never neglected. ex- 


ments made on the final circuit. The method of readout 
with frequency counters and oscilloscopes is described 
and the accuracies of the two instruments are compared. 
The results are compared with theoretical values, and 
sources of error are noted. 
The Choice of Components. 


unit is dependent upon close control of diode clipping levels, 


Successful operation of the 


time constants, the input-pulse amplitude, and certain 
potentials; realization of such control is contingent upon 
the selection of suitable components. Measurements were 
made using components other than those employed in the 
final circuit. These measurements were not recorded, for 
it was readily apparent from them that the unit did not 
satisfy the stated requirements. 

Three diodes were tested for use in the unit, the 6AL9, the 
IN34A, and the IN56A; of these the JN56A appeared best 
suited. The 6AL5 was not used because its characteristics 
are not linear in the region where the voltage is substanti- 
ally zero. When used as a baseline clipper, therefore, 
the 6AL5 does not give good definition; the lagging edge 
becomes round near zero voltage and it is difficult to de- 
termine the width of the output. The important factor 
of size also precluded the use of the 6AL5 in place of the 
much smaller JN56A. 

Although it is cheaper than the 7N56A, the use of the 
IN34A is largely limited by its 
The JN56A is a high-conduction-type semiconductor diode. 


inferior characteristics. 


It has a lower forward resistance and higher back resist- 
ance than the JN34A. A low forward resistance is de- 
sirable so that the voltage drop across the diode is as small 
A high back resistance is 
Both 


and shunt diodes are in parallel with the discharge branch 


as possible during conduction. 
necessary during the discharge period. the series 
and, therefore, must represent much higher impedances 
than R2 (Fig. 2). 

Circuit time constants were chosen to provide dis- 
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charge curves, displaying a sufficiently high 


linearity. ‘The most suitable value of time constant to use 
appeared to correspond to 10 times the longest pulse width. 
rhe discharge time constant was chosen with the additional 
objective of obtaining a linear stretch over the greatest 
range of pulse-width inputs; it was further desired to make 
the stretch ratio as large as possible. However, if repetitive 
pulses are to be measured, the stretch ratio is limited by the 
pulse repetition rate. If the 

| 


large, the elongated pulses would overlap, making measure- 


The O 


stretch ratio were made too 


ment impossible, as shown in Fig. 9. ptimum value 
of stretch ratio was found to be 100. 

The values of input amplitude and discharge potential E 
+50 volts and 


were chosen as 120 volts, respectively. 


[hese values were chosen to give the maximum optimum 


stretch ratio over the widest range of pulse-width inputs. 
[he discharge potential was selected so that overlapping 


would not occur and the lagging edge would be linear. 


Che input amplitude was made large enough to obtain a 


large stretch ratio, and small enough so that the wave- 


shaper would not become unduly complicated. The re- 


maining components were selected to maintain the linear 
relationships. 


The Methods of Readout. 


adaptability 


Che specifications of the unit 


require to common types of measuring de- 


vices. The most widely used of these are oscilloscopes and 


frequency counters. Frequency counters have the ad- 


vantage over oscilloscopes of permitting automatic digital 
readout. However, the method of readout is simple in 
both cases. 

The output of the last stage of the linear pulse stretcher is 
fed directly into the terminals on the oscilloscope, preferably 
through a low-capacity probe. The use of a low-capacity 
probe reduces distortions and attenuation effects so that a 
clearer picture may be obtained. The pulse width is then 


read directly on a calibrated time axis. This method pro- 


vides only two-place accuracy. Narrow-bandwidth os- 


cilloscopes are cheap and compact and, when used with 
the linear pulse stretching circuit, are capable of measuring 


the short pulse durations required. Obviously, it serves 


no purpose to use the stretcher unit with wide bandwidth 
oscilloscopes, since the duration of pulse widths in question 
can be determined directly. 

The use of the pulse stretcher with a frequency 


The 
pulse is amplified and fed into the counter. 


counter 


involves some additional circuitry. original input 


This resultant 


pulse triggers the counters and starts the measurement 


sequence. The output of the last stage of the unit, which is 
| I 


Aha 


Grabel 


Fig. 9 (top). Effect 
of pulse repetition 
rate on the stretch 
ratio. Fig. 10 
(below). Method 


of obtaining a 





pulse, based on 
the lagging edge 
of the 
trigger the counter. 
(left) Output pulse; 
(center) Differen- 
tiated pulse; (right) 
Triggering pulse 
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Fig. 11. Performance curve of a linear pulse stretcher 


portion 


a negative pulse, is differentiated and the negative | 
of the differentiated wave is clipped at the base by a diode 
The result of this is a pulse determined by the lagging edge 


Fig. 10. 


trigger the 


of the output pulse, as shown in This —= 


amplified and then used to counter 


trigger serves to shut the counter off. The process 


1e leading edge of the input 


output 


ing the counting sequence on tl 
and stopping the sequence on the lagging edge of th« 
determines the width of the output pulse. 


This method is more accurate than that employing 


oscilloscope. The error incurred by the counter used 
these measurements is 100 times the ratio of the reciprocal 
of the output pulse width to the known frequency applied 
In the 


10 per cent or less. 


to the counter. range of inputs encountered, this 


error is always The use of the counter 


eliminates the human error in interpolation and permits 
direct reading to three places. 


The Results of Experimental 


fundamental relationships which provide the 


Measurements. The two 


best guide 
to the proficiency of operation of the linear pulse stretching 
circuit are stretch ratio and percentage error as functions of 
the input pulse width. The percentage error is computed 
using an idealized pulse stretcher, i.e., 


width. The 


perfectly linear over 
the entire range of input pulse values ob- 


tained are found in Table I. 


Table I. 


Stretch Ratio and Percentage Error as Functions of In- 


put Pulse Width 





Input Pulse 
Width, 
Microseconds 


Pulse Width Out in Microseconds 
Ideal 


Stretch 
Ratio 


Percentage 


‘Counter “Oscilloscope Error 


. 11 is a graph showing the relaticnship between stretc! 


ratio cand input pulse width. 
stretcher is 


e specified accuracy of the linear pulse 


a per cent of the idealized value. The values obtained 
experimentally all lie within this region. As shown in 
I 


lable I, the experimental values fell off at the wider and 
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narrower pulse widths. The error is introduced by the 
counter at short pulse widths, and by the linear approxi- 
mations at the wider pulse durations. 

The major cause of error at the wider pulse widths is the 
fact that the linear approximations are not accurate in that 
area. The representation of the exponential equations 
by the linear equations give rise to an error of 9 per cent at 5 
microseconds. This agrees with the error obtained in 
measurement. 

At shorter pulse widths, the error in the counter was the 
controlling factor. The error introduced by the counter 
at input pulse widths below one half of a microsecond is 
above 4 per cent. ‘This error, the error in the approxima- 
tions, and the small experimental errors cause the noted 
deviation from the desired values. 

Che linear pulse stretching circuit was designed for use 
with a 1-mc counter, since such a unit is cheaper, lighter, 


and fess complex than similar higher frequency devices. 


If a 10-mc counter were employed, the error would always 
be less than 1 per cent. 

The error in using the linear pulse stretching circuit has 
never exceeded the specified 10 per cent, and the unit ap- 
pears to be well suited to its stated purpose. 


SUMMARY AND CONCLUSIONS 

THE LINEAR PULSE STRETCHING CIRCUIT provides an effec- 
tive means of increasing the accuracy of pulse-width measure- 
ment of short-duration pulses. Another observation which 
may be noted is that frequency counters are better suited 
for pulse-width determination than oscilloscopes because 
they eliminate the human error in interpolations and pro- 
vide a digital readout. 

The operating characteristics, including weight, cost, 
adaptability to other pulse circuits, and accuracy in the 
prescribed region make the linear pulse stretching circuit 
practical for pulse-duration measurements. 


A New Educational Program in 


Energy Conversion 


G. Ss. BROWN 


FELLOW AIEE 


The 


electrical engineering 


energy-conversion portion of the new 
curriculum at Massa- 
chusetts Institute of Technology is described. 
The motivation for the curriculum revision is to 
equip engineers with adequate electrical science 
to contribute to the advancement of electrical 
technology in any industry, not merely those 
normally thought of as electrical. 


LECTRICAL ENGINEERING STUDENTS gradu- 
E ating in June 1955, from the Massachusetts Institute 
of Technology experienced a new undergraduate cur- 
riculum which represented a significant broadening and 
The 


described in a 


deepening of the science content of the previous one. 


broad scope of the new curriculum was 
paper by G. S. Brown, entitled ‘Educating Electrical Engi- 
neers ‘l'o Exploit Science.’”! This second paper elaborates 
on the substance, organization, and problems of the portion 
of the new curriculum that treats electrical energy conver- 
sion 
Che of the revised curriculum com- 


electrical portion 


prises a group of eight core subjects. Three of them are 
organized under the broad title of Energy Conversion and aim 
to provide each electrical engineering student with back- 
ground for an understanding of the conversion, utilization, 
and control of electrical energy. Each student also studies 
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A. KUSKO RS, 


MEMBER AIEE 


WHITE 


ASSOCIATE MEMBER AIEE 


a parallel sequence of subjects under the general heading of 
Information Processing. ‘The new subjects on energy conver- 
sion are not mere substitutes or equivalents for the tradi- 
tional subjects on a-c and d-c machinery or power trans- 
mission. On the contrary, their content recognizes that 
the imaginative processing of energy is one of the major 
responsibilities of engineers. ‘The impact of new materials, 
new environments, new energy sources, new calculating 
machines, as elements of our new abundance, has increased 
the breadth, versatility, and depth of scientific competence 
The field of feedback 


control systems and its growing partner, automation, are 


demanded of tomorrow’s engineer. 


but early manifestations of activities that cut through the 
traditional boundaries between the fields of machinery, 
electronics, circuit theory, and communications. 
ORGANIZATION 

THE FIRST Two of the three subjects in the Energy Con- 
version stem are offered in the third year; the third subject 
is offered in the first semester of the fourth year. They are 
entitled: 

1. Fields, Materials, and Components 

2. Electrical Energy Converters 
3. Electric Power Modulators 
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The four-year electrical engineering curriculum is shown 
in Fig. 1. As it has evolved, the subject Fields, Materials, 
and Components has emerged as one that prepares students 
both for the energy-conversion subjects and also for the 
subject Energy Transmission and Radiation, offered in the first 
term of the fourth year. The discussion in this paper, how- 
ever, will deal mainly with the subjects called Electrical 
Energy Converters and Electrical Power Modulators. 

Each subject is operated with a weekly program of lec- 
tures, recitations, and laboratory supplemented by outside 
problem work and reading to use a nominal total of 12 hours 
of study time per week. A student carrying a full load is 
expected to devote between 45 and 50 hours per week to 
his studies. About 150 students comprise each group. A 
student who commences the Energy Conversion sequence at 
the beginning of his third year will have studied circuit 
theory for two semesters with Guillemin’s Introduction to 
Circuit Theory as a text; basic physics for four semesters, the 
last two of which use Frank’s Electricity and Optics as a text; 
mathematics through differential equations for four semes- 
ters; and other subjects as shown. Beginning also in the 
third year the student studies electronics and advanced 
calculus, with thermodynamics or atomic and nuclear 
physics as electives. Each student enters the third year 
with a strong background in mathematics, and electricity 
and magnetism as represented by Maxwell’s equations. 
A deliberate effort has been made to synthesize the sequence 
on energy conversion to utilize this background, and to 
represent a real intellectual challenge. 

The broad pattern of the sequence starts with field theory 
and relates it to the microscopic concept of materials, con- 
tinues through the combination of these materials to per- 
form energy-processing functions, treats the basic principles 
of energy-processing devices, and culminates in the study 
of energy-conversion systems composed of interconnected 
devices. The development of this pattern is best seen by 
tracing through the outlines of the three individual subjects 


making up the sequence, as presented to the class of 1956. 


DESCRIPTION OF SUBJECTS 


THE FIRST SUBJECT, entitled Fields, Materials, 
nents treats 


and Compo- 


Vectors and fields 


Magneto and electrostatic fields 


1 
2 
3. Dielectric materials 
4 


Magnetic materials 
5. Energy and forces in static fields 


6. Electromagnetic fields 


The approach is to emphasize key principles and make 
generalizations about fields that carry beyond the students’ 
already existing background from second-year physics. 
Vectors are introduced and utilized to achieve compactness 
of expression. Field phenomena are related to circuit 
phenomena through the definitions of resistance, capaci- 
tance, and inductance, and some feeling is given of the 
place for either a field or a circuit approach to a problem. 
The field concepts are then applied to the understanding 
of the microscopic or molecular theory of dielectric and 
magnetic materials, the relationships between microscopic 
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Fig. 1. Representation of the four-year electrical engineering 
curriculum at MIT 


and macroscopic behavior, and the idea 
field. 


summarized in the form of Maxwell’s equations. 


s of energy in 
Finally, the principles of electromagnetic fields ar 
The 
laboratory work encompasses exercises on field mapping by 
various techniques and the study of the dielectric and mag- 
netic properties of materials under changing environments 
of field intensity, frequency, and temperature. 

Ihe content of the second subject, Electrical Energy Con- 


verters, is 


Coupled magnetic circuits 
Magnetic amplifiers 
Energy 

Energy conversion 


Incremental-motion transducers 


The purpose is to show how the interactions of fields with 
materials may lead to methods for controlling and convert- 
ing energy and how the engineer may realize devices for 
doing so. 

The work in magnetics stems from the fact that devices 
formed from magnetic materials and exploiting magnetic 
fields can store, transform, and control the flow of energy 
Typical classes of stationary devices are reactors, coupled 
magnetic circuits, and magnetic switches or amplifiers 


The work leads into the conversion of electric energy to 
mechanical form through the medium of electric and mag- 
netic fields. ‘The conversion process is treated first by 
study of the reaction forces and voltages exerted by the 
fields on the participating electrical and mechanical sys- 
tems during conversion, and second by a study of the over- 
all energy of the system in which the conversion takes place 
Chis latter approach necessitates a careful analysis of what 
is meant by the co-ordinates of a system, and what can be 
accomplished by the use of other state functions than 
energy. [The dynamic behavior of the system is approached 
through the use of Lagrange’s equations of classical dy- 
namics, which serve well for systems having energy storage 
in more than one medium. These concepts are applied to 


simple 


devices having incremental motion as examples of 
energy-conversion devices. For restricted motion, certain 
of these devices operate linearly and are termed linear revers- 
ible transducers; their behavior is then described by ana- 
logue circuits, block diagrams, and frequency-response 
techniques. 

At this stage in a student’s learning, he can appreciate 
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the fact that static devices perform their useful function be- 
cause engineers use fields and configurations to exploit the 
He further can 
appreciate that the existence of relative motion between 
field boundaries, with the magnetic material subordinated 


properties of materials within a boundary. 


to the role of forming the fields, is basic to the operation of a 
motor or generator. 

Laboratory exercises include work on magnetics, such as 
energy storage in reactors, transformers, and magnetic 
amplifiers; on force-displacement relationships in electro- 
mechanical devices; and on analogue circuits and fre- 
quency-response behavior of transducers. 

The content of the third subject, Power Modulators, is 


Generalized dynamics of energy converters 
Translational motion power modulators 
Rotating power modulators 

4. Energy-conversion systems 


The subject of power modulators deals with the charac- 
terizations for the dynamic behavior of electromechanical 
energy-processing devices, particularly those that can be 
controlled from a signal which “‘modulates” the energy 
flow. The performance of systems in which these devices 
function is then studied. In this respect, two areas of diffi- 
culty appear because of the present state of technology; one 
is the complexity of analysis of dynamics of nonlinear de- 
vices and systems, and the other is the difficulty of deter- 
mining analytically the dynamic behavior of certain types 
of rotating power modulators (machines). However, the 
techniques of handling these system problems are stressed. 


The solutions are carried to the limits of present-day 


knowledge so that, for example, the possibilities of computer 
methods of solution are explored. 

The approach to the subject is to stress the control or the 
Linear transfer 
functions are derived where possible and work is carried out 
in their terms. 


dynamics of energy-processing devices. 


The treatment of rotating power modula- 
tors is based on a circuit-transformation approach utilizing 
the methods of classical dynamics to obtain the electro- 
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Fig. 2. Single core magnetic amplifier circuit 
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Generalized two-phase rotating machine 


mechanical differential equations for the machine or system. 
This approach follows the pattern of utilizing classical dy- 
namics that was introduced in the previous subject. The 
transformation approach is sufficiently general in that it can 
be applied to nearly all machines, and is highly suitable for 
students having a strong circuit-theory background. The 
system work is centered on feedback control systems wherein 
these energy-processing devices are frequently used. 

The laboratory work is concerned with the determination 
of the parameters and transfer functions of energy-processing 
devices such as metadynes and servomotors, with measure- 
ments on feedback systems, and with a Reeves analogue 
computer to confirm investigations made in the laboratory. 


EXAMPLES 


Four EXAMPLES from the text material are presented here 
to illustrate the pedagogical approach. These examples 
sample perhaps 25 per cent of the content of the second 
and third subjects. Around these examples are built note 
material, home problems, and laboratory experiments. 
These examples typify the use of simple devices whose 
geometry is sufficiently sophisticated to illustrate the particu- 
lar set of principles in mind. The associated laboratory 
experiments may employ practical devices which operate 
closely in accordance with the action of the idealized model. 


Example 1—Single Core Magnetic Amplifier. The single-core 
magnetic-amplifier circuit shown in Fig. 2 is used as one 
example in the treatment of magnetics in the subject on 
electrical energy converters. It serves as a vehicle with 
which to illustrate a number of concepts. First, it shows 
how the nonlinear characteristics of a ferromagnetic mate- 
rial can be exploited to realize a device that is able to con- 
trol the flow of energy over a wide range of values. Also it 
characterizes the circuit operation of a number of switch- 
type controllers, such as gaseous-conduction tubes, in 
which the source voltage is alternately blocked and then 
applied to the load over each half cycle of source frequency. 
The example introduces the various requirements of a core 
used as a switch; for example, the significance of a volt- 
time integral to secure a flux change, the decoupling of 
windings by saturation, and the use of a core as a two-state 
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device. Speaking broadly, the circuit is shown to be a 
simple building block upon which the technology of more 
complicated magnetic amplifiers and computer circuits can 
be built. 

The 


wave forms over a typical cycle of source frequency are ex- 


The physical operation of the circuit is discussed. 


amined as the analytical expressions are derived for load 
current, gate-winding voltage, flux excursion, and so forth. 
Equivalent circuits are developed for the amplifier in its 
three states: gating, conducting (saturated core), and re- 
set, as a means for setting up the expressions. 

The accompanying laboratory experiment uses the equip- 
ment illustrated by Fig. 2. The student is asked to deter- 
mine, among other matters, the dynamic hysteresis loop of 
the core, the control characteristics, and the power gain of 
the amplifier. 

Treatment of the simple circuit leads to further work on 
nonideal rectifiers; core material, with 


circuits with 


finite width of the hysteresis loop; pulse transformers; 
multicore circuits; Ramey circuits; and computer mem- 


ory circuits. 


Example 2—Singly Excited Incremental-Motion Transducer. The 
simple electromechanical system shown in Fig. 3 is the basis 
for an example on electromechanical energy conversion in 
the subject on electrical energy converters. 

This device is a simple form of reversible energy-conver- 
sion system that can operate between electric and mechani- 
cal energy sources. It is a useful structure for illustrating 
the means whereby energy is transferred from one source to 
the other through the medium of a common energy-storage 
space. It illustrates the use of virtual displacement as one 
suitable method for determining the interaction between 
the electrical and mechanical systems, and yields the 
mechanical force expressions which involve rates of change 
of field energy and coenergy. With these force expressions, 
differential equations can be written relating the mechani- 
cal and electrical variables. 

A second use is made of this device by restricting the 
motions to small values, so that the behavior of the incre- 
mental quantities about an operating 
point can be described by a set of 
linear differential equations. ‘These 
equations are solved for the incre 
mental motion of the system under 
various conditions of driving func 
tion. Such operation is characteris 
tic of the use of such a device for 
transferring information or signals. 
The electric-circuit analogue of the 
system can be found in the form of 
a transfer function and used to com- 
pute the response of the system to 
sinusoidal driving forces. 

The third use of this example is to 
show that the differential equations 
can be found systematically by 
The 


can be 


using Lagrange’s equations. 
generalized co-ordinates 
selected as charge qg, and position Fig. 5. 
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x. The Lagrangian is then found directly from the indi- 
vidual stored energies in the mechanical and electrical parts 
of the system, or by transformation from the Hamilton- 
ian. Performing the necessary operations on the La- 
grangian leads directly to the same equations that were pre- 
viously obtained by the procedure of equating the system 
reactions to the two driving functions of voltage and force. 

This example serves as a key from which other transducer 
systems can be considered, examples are the capacitor-type 
transducer, the transducer with multiple inputs, and the 
The 
ment associated with this example is performed on a single- 
called a 


permanent magnet transducer. laboratory experi- 


winding, moving-armature voltage regulator 


Regohm. The parameters of the device are measured, and 
the analogue circuit determined. The frequency response 
is measured and checked by calculation from the analogue 
circuit. 
Example 3—Generalized Two-Phase Rotating Machine. ‘The 
generalized two-phase rotating machine shown in Fig. 4 
serves as the example upon which much of the theory of 
continuous electromechanical energy conversion is built 
the subject on electrical power modulators. The structure 
for this example is idealized; it consists of a smooth-surface 
cylindrical rotor-stator assembly of infinite-permeability 
material; both members carry two-phase windings which 
consist of infinitesimally thin current sheets. The current 
density at any instant of time is assumed to vary sinu- 
soidally with angle ¢ around the periphery of the gap. 
The first use of this example is in the determination of the 
field equations for the air-gap volume in terms of the current 
other conditions of 


From these field 


densities in the winding sheets and 
rotor velocity and excitation frequency. 
equations, the power flow in the air gap is studied using the 
Poynting vector, and the field conditions for energy conver- 
sion are established. The self and mutual inductances are 
obtained by equating the stored energies expressed in fie 

and circuit forms. Some of these inductances are position- 
dependent or time-varying; henc®, lead to circuit equations 


which have time-varying coefficiénts. 


Solutions to specific problems are obtained by impressing 


Laboratory version of the generalized two-phase machine 
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the required constraints on the electrical and mechanical 
terminal quantities in the form of interconnections, applied 
voltages, and torques. Transformations are used to obtain 
sets of differential equations with non-time-varying coeffi- 
cients under special conditions, and which are either directly 


soluble, lead to equivalent circuits, or require a computer 


type of solution. Thus, this example sets the stage for the 
consideration of the complete class of rotating-machine 
problems and solutions. 

[he laboratory equipment which supports the work on 
It is a machine with dis- 
The 
rotor windings are connected to a commutator with a motor 
The the 
motor-driven brush assembly is to enable the student to 


this example is shown in Fig. 5. 
tributed two-phase windings on both rotor and stator. 
driven rotatable brush assembly. purpose for 
simulate on an actual machine the transformations that are 
Obvi- 
yusly, the laboratory machine can be operated in all of the 


ipplied to the actual matrix of machine equations. 
modes corresponding to the common types of rotating ma- 
chines. 


Example 4—Four-Brush Metadyne Machines. 
is a suitable example of machines used in energy-conversion 


[he metadyne? 
systems. A diagram of the four-brush machine is shown in 
Fig. 6. The specific machine is the generator metadyne 
with varying degrees of compensation. For zero compensa- 
tion the machine is an S-generator metadyne and functions 
as a current source. For full compensation, the machine is 
an amplifier metadyne and functions as a voltage source. 
The equations for the four-brush metadyne are obtained by 
introducing the constraints of the commutator to the matrix 
for the generalized machine of the previous example. A 
second set of constraints, based on the field-winding and 
brush interconnections, yields the equations for the specific 
machine type. The equations are presented in the form of 
a block diagram of the machine, or as a transfer function. 
Both of these presentations are used in the analysis of a 
The effect 
of the degree of compensation is studied on the metadyne 


system in which the machine is incorporated. 


generator as an element in a system; this leads to a discus- 
sion of internal versus external feedback in obtaining pre- 
scribed characteristics from devices of this kind. 

Che special laboratory machine shown in Fig. 6 is also 
the four-brush 


used to demonstrate the characteristics of 


metadyne as a system component. 


STAFF 
EACH OF THESE SUBJECTS is nominally the responsibility 
of a specific faculty member. However, the effort of 
developing the central theme into notes, problems, experi- 
ments, and in the teaching and lecturing, is the result pri- 
marily of the efforts of the group teaching the various sec- 


Each of 


tions, and secondarily of the whole department. 
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Fig. 6. Four-brush 
metadyne machine 


In Educational Circles 


these subjects is being given for the class of 1956 in seven 
recitation sections. 

The teams of faculty and junior staff assembled to teach 
these subjects in their formative stages are drawn from 
personnel with varied but pertinent backgrounds in order 
to secure the necessary breadth of viewpoint. For example, 
one team to teach the subject of electrical energy converters 
consists of staff members with individual backgrounds in 
feedback control, magnetics, acoustics, physics, power sys- 
tems, and circuits. Each staff member has contributed to 
the lectures and the notes for the portion of the subject that 
lies within his particular specialty. 

The influence of the entire department is felt in these 
subjects in one of two ways. First, the staff members 
throughout the department, individually and in committee, 
have contributed advice, experience, and information. 
Second, the faculty members have in their graduate sub- 


jects the junior staff who teach the laboratory portion, the 


problem sections, or some of the classes, of these subjects. 
As a consequence, the substance of these energy-conversion 
subjects has been distilled from the experience and knowl- 
edge of the faculty of the whole department. Since the 
full responsibility for this curriculum and its further re- 
vision will soon rest on the shoulders of the present junior 
staff, the importance of developing an active junior staff is 
not taken lightly. 

Just as the complementary academic activity of the de- 
partment strongly influences the content of the new core 
curriculum, so does the activity in the research laboratories. 
Contemporary work in the energy conversion laboratory, 
in the insulation research laboratory, in the servomecha- 
nisms laboratory, and in the electronics research laboratory 
finds its way quickly into the undergraduate curriculum 
through the experiences in these laboratories of faculty 
members who also teach, and through the studies and 
thesis work of the graduate student junior staff. 


PROBLEMS AND TRENDS 


MANY PROBLEMS remain to be solved as this program 
The first is that the 
sufficiently so that classroom notes can be completed and 


evolves. of finalizing material 
the information made available as textbooks, thus assisting 
greatly in teaching this material and releasing key staff for 
other tasks. A second problem is the usual one of co- 
ordinating the material in the various undergraduate sub- 
jects so as to maintain a reasonable transition from subject 
to subject. Principally, this is a problem of communica- 
tionsamong the staff. A third problem is that of developing a 
strong laboratory program to tie in with the classroom. The 
laboratory represents an effective teaching aid and must be 
treated as such rather than as a tolerated auxiliary to the 
classroom. Ideally, the laboratory should mix prescribed 
experiments with projects so that the student will treat a 
reasonable diversity of material but on his own initiative. 
The key to a creative laboratory lies in exciting the imagi- 
nation and interest of junior staff members who are fur- 
It was to make 


these matters possible that the department abandoned its 


nished facilities with which to be creative. 


former courses on machinery and its conventional machin- 


ery laboratory facilities. The intellectual challenge of the 
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new program has its reward in strong student and staff 
interest coupled with the discovery that much stimulating 
work remains to be done and goals to be realized in the 
field. 
plentiful, and funds have become available where a dearth 


energy-conversion Research ideas have become 


existed before. Actually, the development of this stem of 
the curriculum has achieved the aspects of a large research 
endeavor of its own since so much of the material is either 
new in origin or in presentation 

A fourth problem, and one that may not be solved 
quickly, is that of attempting to broaden this sequence of 
subjects to include the study of other forms of energy con- 
version in which the electrical form is utilized. The present 
structure of the subjects emphasizes the electromechanical 
form largely because it is the dominant one in electrical 
engineering. A subject sequence that includes the other 
forms of conversion, such as conversion from heat, conver- 
sion from light, and conversion from other media, is cer- 
tainly more in keeping with the spirit of this new curriculum 
as typified by Fig. 7. The growing importance of other 
means for conversion of energy to electrical form and the 
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Interrelations of science and engineering in energy conversion and its utilization 


possibility that the energy-conversion field may be revolu- 
tionized by a few key developments cannot be ignored. 
Some progress is being made in introducing this type of ma- 
terial. 


CONCLUSIONS 


[HE DEVELOPMENT OF A SEQUENCE of undergraduate 
subjects has been described in which the important area 
of energy conversion has been presented on a scientific 
basis. The approach, which is based upon a background of 
field theory and materials, continues through the study of 
the marriage of fields with materials to carry out the func- 
tions of energy processing, the study of generalized devices, 


The de- 


scription of this sequence is a report on a segment of the 


and the behavior of energy-processing systems. 


curriculum which will continuously change as new and im- 
portant ideas appear in the world of science. 
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NOTES IN 


Students Attend Meetings 
of Joint Branch at Missouri School of Mines 


The joint Student Branch of AIEE-Institute of Radio 
(IRE) at 


record 


Engineers the Missouri School of Mines had 


near attendance at its meetings. For its two 


regular meetings and the September Smoker, the average 
attendance was over 218. 
200 


There are now nearly 180 local 


members and the mark should be reached soon. 


here were 230 students attending the smoker, 250 at the 

October Meeting, and 175 at the November Meeting. 
The guest speaker for the October Meeting was Irvin 

Mattick of Southwestern Bell Telephone Company who 


’ 


spoke on “Transistors and Solar Batteries.”” In conjunc- 
tion with his talk, he gave numerous demonstrations of the 
uses of transistors in communications devices and also a 
demonstration of a solar battery. 

At the November Meeting Ray Barton, relay engineer for 
the Public Service Company of Oklahoma, was guest 


speaker. He gave an interesting talk and demonstration on 


AMEMBERS of the Missouri 
School of Mines joint 
Student Branch of AIEE- 
IRE who participated in 
the inspection trip to the 
diesel- 
electric maintenance shops 
in Springfield, Mo. 


Frisco Railroad's 


“QGUEST SPEAKER, Ray 
Barton, relay engineer for 
the Public Service Com- 
pany of Oklahoma, dem- 
onstrates protective re- 
laying to members of the 
joint Student Branch of 
AIEE-IRE at the Missouri 
School of Mines at the 
November meeting. 
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‘Protective Relaying as Applied to Transmission of Electric 
Power.” demonstration he miniature 


transmission line set up and showed how the relays pro- 


For his had a 
tected the system from damage due to line faults. 
The Branch has already sponsored one field trip. An 
inspection tour of the Frisco Railroad’s diesel-electric main- 
tenance shops in Springfield, Mo., was enjoyed by 57 
members in October. The shops are some of the most 
modern in the country and service over 400 of the railroad’s 


passenger and freight locomotives. 


New Student Newsletter 
Distributed to 15 AIEE Branches 


D. R. Boone, secretary of AIEE District No. 2, has com- 
piled and distributed a Student Branch Newsletter to the 
District’s 15 Branches. It contains current items of interest 
to the Student members. The news items contain reports 
on inspection trips, guest speakers, competitions, and 
various projects of the Branches. 


Villanova Student Branch 

Reports Recent and Future Activities 
Over 50 members of the AIEE-Institute of Radio 
Engineers (IRE) Student Branch at Villanova University 
took the first field trip of the year to the Naval Air De- 
High- 


lights of the tour included the viewing of an immense centri- 


velopment Center, Johnsville, Pa., last October. 


fuge, which subjects objects to gravitational forces rarely ex- 
perienced, and a demonstration of the 4,000-tube computer 
which the Development Center uses in solving complex 
problems. During the month the Branch was host to guest 
speaker J. W. Lewis of the National Security Agency who 
spoke on ‘‘Magnetic Recording.” 

In November the joint Student Branch heard three guest 
speakers from the research department of the Franklin 
Institute, Philadelphia, Pa., which is known for its museum 
Good, 


physicist; W. W. Felton, mechanical engineer; and H. P. 


and planetarium. The speakers were: R. C. 


Schick, electrical engineer. Each spoke on the various 
aspects of engineering research. toured the 
General Electric Switchgear plant in Philadelphia, Pa., for 


Members 


the second field trip of the year. 

At the fourth formal Branch meeting of the year in 
December, J. W. Harte of Brown Instrument Company, 
Philadelphia, Pa., gave an address on “Instrumentation” 
and a tour of Brown Instrument’s plant was made. 

Competition in the second annual AIEE-IRE Pinochle 
Tournament is well under way. Prizes will be awarded to 
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the winners at the close of the school year, as announced in 
The Circuit, the newsletter for the Branch. 

The Student Branch will take a prominent position in the 
decorations, displays, and other features of Villanova 
University’s Engineering Week. 


Student Writes Article 
on Need for Prize Paper Contests 


The following article entitled, “The Student Paper 
Contest,” was submitted to Around the Circuit, a publication 
by the electrical engineering students of the Massachussetts 
Institute of Technology. The author, Irwin Dorros, 
emphasizes the value of entering a student paper contest as 
follows: 


“He knows his stuff, but he can’t teach” is an expression 
used by students time and again to describe an instructor 
highly qualified in his field, but having virtually no training 
But most 
students fail to realize that although they have absolutely 


in methods of conveying knowledge to others. 


no desire to make teaching their career, as scientists or 
engineers they will be required to “‘teach’’ all their lives. 
It is not enough to be a competent, creative thinker. 
Once an idea, theory, or invention is crystallized, it must be 
*‘sold’’ to the boss, employee, public, or patent office. 

As a student, a man has excellent opportunities to develop 
his expressive abilities. In the student stage, mistakes are 
tolerated and corrected by members of a staff devoting their 
lives to conveying thoughts to others. Mistakes are normal 
and can be corrected painlessly. Once in industry, how- 
ever, it might be too late to learn the art of intelligent 
explanation or at least it might be costly to a career. 

Making a concerted effort to explain things clearly and 
at the level of the listening individual or group is a good 
start, but the opportunity to enter a student technical paper 
contest is ideal. One can develop an idea that is familiar 
and gain recognition of the group. In preparing the talk, 
necessary confidence can be acquired by preparing notes, 
illustrations, etc., and the problem of making one’s self 
understood is brought into sharp focus. 
in projecting the self to the audience, one might think of the 
many lectures or talks endured and realize that a common 
fault of many speakers, especially technical ones, is that of 
beginning at the level of the speaker’s familiarity with a 


The audience may be composed of persons with 


As an example, 


subject. 
high ability, but they must have the necessary preparation 
or “review” to make the transition to the domain of the 
specific topic. 

By entering one contest, immeasurable experience and 
confidence may be gained by noticing one’s own strong 
points and faults as well as those of the other speakers. 
How did the speaker begin? 
How well organized was his presentation? 
Did 


Did he handle the discussion well? 


How well was he prepared? 
Could he be 
understood the 
points home? The 
rules of good speaking are simple, but only experience can 


easily? his demonstrations drive 


develop poise and confidence. 
Although most of us hope to win at anything we under- 
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Computer Center Project 


PRESENTATION of a check for $100 to A. H. Waynick, head of the department 
of electrical engineering at The Pennsylvania State University, by R. L. Sher- 
wood, chairman of the joint Student Branches of AIEE and the Institute of Radio 
Engineers (IRE), at the Branch meeting in November. A new Computer Center 
is being built by the department of electrical engineering at The Pennsylvania 
State University. The department already has in operation an analogue 
computer and has practically finished building a digital computer, which is 
expected to be in operation by March. In order to teach the power courses 
more effectively, a network analyzer was proposed and the department has 
been seeking funds. The students, through the Executive Committee of the 
joint Student Branches of AIEE and IRE, contributed the check to the department 


to aid in securing this project. 





AIEE Membership Contest 


NEW MEMBERSHIP CONTEST, sponsored by the AIEE San Francisco Section, 
started in December with nine applications being submitted during the first two 
weeks. C. Stivers, membership committee chairman, presents an award to 
Marvin Moler who turned in two applications, while Section Chairman Whitman 
Ridgway looks on approvingly. Goal of the contest is the addition of 200 new 
members. An award of a free dinner, or equivalent, at a regular meeting is 
made for each two applications. A grand prize of $50 will be awarded to 
the member submitting the greatest number of new applications 


187 





take, and feel if we are not qualified to win we should not 
begin, entering a technical paper contest should be treated 
differently. It would be most commendable to be first in 
a contest of this sort, but the experience of standing before a 
group and talking about something familiar (the specific 
topic is unimportant) and getting public reaction is most 
important. Remember, the winner gains less than the 
man who gains confidence. 


Summary of Activities 
by the Norwich Student Branch 


The Norwich University Student Branch was active 
during the Northeast District Student Branch 
Membership Competition. Norwich University shared 
honors with Maine and New Hampshire for the largest 
AIEE membership among the senior class. All three 
institutions had 100 per cent student membership. In 
over-all membership Norwich led with 57 per cent, New 
Hampshire had 56 per cent, and Vermont was third with 
The Norwich Branch will use its prize 


1955 in 


39 per cent. 
money, totalling $55, to help defray expenses of members 
attending the Vermont Subsection and other AIEE meet- 


ings. 


The Branch has just become a joint AIEE-Institute of 


Radio Engineers (IRE) Branch. Present AIEE officers 
will serve out their terms as officers of the joint Branch. 
This has increased interest in Branch activities, with 150 
per cent of the senior class and 127 per cent of the juniors 
belonging to either group. A total of 18 are members of 
AIEE and 12 of IRE. (It is apparent from these figures 
that half the seniors and several juniors are members of 
both.) 

Recently 22 members of the joint Branch participated in 
an inspection trip to a turbine generating station of Green 
Mountain Power Corporation at Burlington, Vt. The trip 
was under the auspices of the Vermont Subsection of AIEE. 

Four meetings of the Branch have been held to date; the 
most interesting and successful featured a talk by H. C. 
Anderson, manager of market research and product plan- 
ning in the atomic power equipment department, General 
Electric Company. Mr. “World 
Energy Needs and the Atom.” 


Anderson discussed 


Student Branches Sponsor 
College Engineering Open House 


Demonstrations and exhibits covering many aspects of 
the engineering profession were the features of the engineer- 
ing open house at Union College, Schenectady, N. Y., in 


District 7 Student Committee 


IN NOVEMBER the Student Activities 
Committee of District 7 held its Fall 
Meeting at the Skirvin Hotel, Okiahoma 
City, Okla. One of the 
Items planned was the Student District 


important 


Paper Contest to be held in conjunction 
with the South West (7th) District 
Meeting in Dallas, Tex., in April. 
Attending the meeting were, front row, 
left to right: 
Committee on Student Branches; W. B. 


R. F. Danner, member, 


Morton, chairman, Committee on Stud- 
ent Branches; S. M. Sharp, vice- 
president, District 7; M. R. Johnson, Jr., 
chairman, District 7 Student Activities 
Committee; N. F. Rode, 
A & M College; E. L. 
counselor, Kansas State College. 
P. E. Pfeiffer, 
Rice Institute; Bryan Webb, counselor, 
W. P. Smith, 
counselor, University of Kansas; J. L. 
Ellis, counselor, 
Mexico; C. D. Crosno, counselor, New 
Mexico College of A & M Arts; J. C. 
Hogan, counselor, University of Mis- 
souri; C. J. Grimm, counselor, Missouri 
School of Mines and Metallurgy. 
Back row: F. W. Tatum, counselor, 
Southern Methodist University; Wen- 
member, Committee on 


counselor, 
Sitz, 
Sec- 


Texas 


ond row: counselor, 


University of Arkansas; 


University of New 


dell Fowler, 
Student Branches; 
Texas Technological 


College; W. E. Ray, counselor, 
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C. L. Farrar, counselor, University of Oklahoma; O. A. Boyer, 
Oklahoma A & M College; J. 
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Christi 
member, 


counselor, 
Branches. 


Section; T. B. Stenis, 
Committee on Student 


chairman, Corpus 


W.. Rittenhouse, 
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AOPERATING the “Jacob's Ladder” or “Horned Gap” demonstration of high-voltage 
electricity for onlookers is Douglas Buddenhagen, a senior electrical engineering student 


at Union College, Schenectady, N. Y., at the Student Branch AIEE sponsored open house. 


INSPECTING THE DEMONSTRATION of oscillographic presentation of handwriting 
Professor H. Bibber (second from left), member of the teaching staff of the electrical 


engineering department at Union College, Schenectady, N. Y., with students and guests 


at the annual engineering open house program. 


This exhibit was one of many sponsorec 


by the AIEE Student Branch at the open house. 


October. 


together 


Sponsored by the Student Branch of the AIEE 


with the Student Branches of the American 
Society of Civil Engineers and American Society of Mining 
Metallurgical 


display of much of the apparatus used in the laboratories at 


and Engineers, the program included a 
the college. 

The electrical engineering part of the show included an 
experiment demonstrating lightning protection for homes; 
an operating television receiver with components arranged 
in bread-board fashion for visual inspection; a direct 
current oscillating motor-generator set; an electrical slide 


rule operated by Selsyn motors; and numerous other 
electrical and electronic devices. 

An annual event, the open house was attended by area 
high school students, members of the Schenectady Section 
of the AIEE, and other area residents. This occasion is 
especially significant at Union College, as engineering has 
been a regular part of the curriculum since 1845. The 
program was established by the college’s great 19th Century 
president, Eliphalet Nott, and has attracted many dis- 
tinguished men to the campus, among them the electrical 
wizard Dr. Charles P. Steinmetz. 

On 1956, the 
Branches of Union College and 


AIEE Student 
Polytechnic 


Friday, February 17 
Rensselaer 
Institute will hold a joint meeting in Troy, N. Y., to hear 
C. N. Hoyler of the Radio Corporation of America, Prince- 
ton, N. J. 


developments in electronics, including color television. 


Mr. Hoyler will present demonstrations of new 


Joint Student Branch Active 
at Texas Technological College 


The joint AIEE-Institute of Radio Engineers Student 
Branch of Texas Technological College in Lubbock, Tex., 
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float for the 
The Branch 
also took a tour of the local television station, KCBD-TV. 


with 150 members sponsored and built a 


Annual Homecoming Parade in November. 


Other activities of the Branch included an annual pro- 
gram during which scholarships were presented to the 
electrical engineering students for out 


H. R. Kerby, awarded by Texas 


Electric Service Company; E. 


following three 
standing achievements: 
H. Johnson, awarded 
Magnolia Petroleum Company; and S. E. Estes, awarded 


by Southwestern Public Service Company. 


Students at Michigan State 
To Study Factory Procedures 

The Maytag Company of Newton, Iowa, has beet 
‘‘adopted” by the engineering department of Michigan 
State University (MSU), East Lansing. More specifically, 
an automatic washer subassembly has been adopted, to be 
used as problem material for a planned integrated sequence 
of engineering courses for seniors in industrial engineering 
at the school. The course will cover standard subject 
matter, but instead of theoretical material the students will 
be using “‘live’’? material—facts and figures as they actually 
exist at The Maytag Company. 

Using this “‘problem-centered’”’ approach, the students 
will take time and motion study, plant layout and materials 
handling, process and tool design, production planning anc 
control, statistical quality control, job evaluation, wage 
engineering However, 


administration, and 


the textbook in 


economics. 


their “living laboratory”’ ill be data 
concerning the automatic washer clutch assembly. 

Four MSU professors were in Newton recently gathering 
data and taking movies of the various operations involved 


in the clutch assembly and in the mercury switch assembly, 
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SELECTION of a Maytag subassembly for Michigan State University, East 
Lansing, was made by four professors gathering material for use in a new 
integrated sequence of engineering courses based on actual industrial situ- 
ations. Seated around the table with J. F. Biggane, Maytag chief industrial 
engineer (second from left), are: professors W. P. Smith, Dale Jones, Jim 
Thorson, and Jim Apple examining an automatic washer clutch assembly. 
The others, members of the Maytag industrial engineering staff, which co- 
ordinated the educators’ visit, are, from left: Wayne Creagan, supervisor of 
work simplification; Richard Burdick and Lavern Matson, supervisors of incen- 
tives; and Lewis Oster, engineer. 


which will be studied too. They met The Maytag Com- 
pany’s top management, toured the Newton plants, and 
conferred with representatives of such departments as tool 
engineering, methods, production control, accounting, 
research, service, industrial relations, and inspection and 
quality control. ‘The visit was co-ordinated by the Maytag 
industrial engineering department. Prints of parts, opera- 
tion analysis sheets, labor standards, layouts, and sample 
cost-reduction reports on the areas were acquired and 
will be incorporated into the course. 

Students in the course will have on hand samples of the 
clutch and mercury switch assemblies, plus samples of each 
component at each stage of manufacture, from raw material 
to finished part In the course of study, the tyro engineers 
at MSU may even discover better ways of doing things 
than the methods now in use at Maytag. In any case, 
they will know a lot about the clutch assembly in a Maytag 


automatic washer. 


Carnegie Tech Branches 


Sponsor Employment Series in Engineering 


The Carnegie Institute of Technology Branch of the 
AIEE-Institute of Radio Engineers (IRE) in conjunction 
the of Mechanical 
Student Branch is sponsoring an informative series on 


with American Society Engineers 


employment. These programs are designed to give the 
prospective engineer an idea of the type of work expected 
in various fields such as power, atomic energy, electronics, 
computer, aircraft, railroad, steel, electric machines and 
appliances, sales engineering, production, research and 
development, consulting, etc. 

Inasmuch as there are only about seven of these joint 
meetings annually, it is impossible to cover the entire list in 
any one year, so the programs are planned for a three-year 
period. In this way, a student who starts attending meet- 
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ings in his sophomore year can get an over-all picture of an 
engineer’s work in the different industries. 

In 1954-55 there were programs on the packaging and 
processing industries, sales engineering, and the by-products 
the 1955-56 the 
programs have been on the atomic industry, the aircraft 
coming 


industry. So far, in academic year 


industry, and Government employment. In 
months, the Branches will sponsor talks on the consulting 
engineer, and research and development. Also, the head 
of the placement bureau and the dean of students will 
explain employment procedure and professional registration 
in one of the programs. Each session has a question and 
answer period. This plan has been very successful, with 


attendance ranging from 50 to 100 students. 


Tour Made by Student Branches 
of Louisiana State University in October 


On October 20, 1955, at 7 p.m., members of the Louisiana 
State University (LSU) AIEE-Institute of Radio Engineers 
(IRE) joint Student Branch together with the LSU Amer- 
ican Society of Mechanical Engineers (ASME) Student 
Branch made a tour of the Southern Bell Telephone and 
Telegraph offices and equipment in Baton Rouge, La. 

After a 


groups of approximately 10 members. 


brief orientation, students were divided into 
An employee was 


placed in charge of each group and the tour began. The 


AT A RECENT INSPECTION TRIP of the Southern Bell Telephone Company, 
members of the Louisiana State University Student Branches observed an in- 
coming television program from the Baton Rouge, La., network and the moni- 


toring equipment. The city is served by microwave from New Orleans. 


members saw the power equipment in use and the stand-by 
power equipment for emergency use. Leaving the power 
section the groups viewed the relays that select different 
circuits, the telegraph equipment, the switchboard, and the 
microwave equipment, part of which is used to receive 
A lecture on “‘Micro- 


The many 


television from New Orleans, La. 
wave and Transistor Applications” followed. 
advantages of transistors over vacuum tubes were empha- 
sized. Included in the lecture, was a demonstration of a 
portable transistorized radio transmitter and receiver. A 
question and answer period ended the lecture. 

Refreshments were served in the cafeteria of the building. 
Members discussed observations made during the tour. 
The tour was formally concluded at 10 p.m. 
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DALLAS SKYLINE 


ACTIVITIES 


AIEE South West District Meeting 
To Be Held April 2-4 in Dallas, Tex. 


IN THE AREA that produced the B-36 
Cutlass, and a myriad of electronic controls 
for aircraft, the AIEE will hold its South 
West District Meeting at the Baker Hotel, 
Dallas, Tex., April 2-4, 1956. 

The city of Dallas with its skyscrapers and 
beautiful residential areas is a remarkable 
city of contrasts, where big industry and 
agriculture meet on ground. 
Dallas, a fashion and apparel manufacturing 
center of the Southwest, has 550 firms en- 
gaged in the oil production industry 


common 


Opening Session and Technical Program 


D. A. Quarles, Secretary of the United 
States Air Force, is scheduled to give the 
main address at the opening general session 
on Monday, April 2, at the Baker Hotel. 

P. G. Wallace, program chairman, and 
Felix Quirino, vice-program-chairman— 
aircraft, have arranged a varied program 
offering a wide choice of sessions on power 
generation, transmission and distribution, 
industry applications, communication, man- 
agement, aircraft, and aircraft applications. 

Especially featured will be power genera- 
tion sessions on super-critical, high-pressure 
steam turbines and intercooled generators, 
and a progress report on nuclear power gen- 
eration. There will be several management 
sessions and outstanding consultants in the 
electrical industry will be present. 


Aircraft Technical Conference 

The 1956 Technical Conference on Air- 
craft Electrical Applications will be held in 
conjunction with the South West District 
Meeting which has as its theme, ‘‘Electricity 
in Aircraft.” Of special interest will be an 
exhibit of aircraft electrical equipment, 
allowing those attending the Conference an 
opportunity to view the latest products of 
the various exhibitors. The South West 
District encompasses an extensive and varied 
aircraft industry. The theme “Electricity in 
Aircraft’’ was selected in recognition of the 
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increasing number of electrical engineers in 
this rapidly expanding industry. The meet- 
ing will attract electrical engineers in the air- 
craft industry from all parts of the United 
States and from Latin America. 

The Committee on Air Transportation will 
sponsor the technical sessions on aircraft 
applications. Featured will be papers deal- 
ing with the problems of designing electrical 
and electronic equipment for supersonic, 
high-altitude aircraft, and guided missiles. 


Hotel Accommodations 


Blocks of rooms have been set aside at the 
Baker, Adolphus, and Statler-Hilton Hotels 


for members and guests To obtain thei 
reservations without delay or possible disap- 
pointment write directly to the hotel of your 
hoice and mention that you are attending 
the South West District Meeting of AIEI 


Inspection Trips 


E. W 
for six inspection trips during the 
[hese trips will be to Bell Aircraft Corpora- 


Rogers has made arrangements 


meeting 


tion, Texas Instruments, Chance Vought 
Aircraft, Dallas Power and Light 


pany’s Parkdale power 
I 


Com- 


plant, Southwestern 


NEW HELICOPTER, Bell Aircraft Corporation's model 47-H-1, for passenger travel. 
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Bell Telephone Company’s Haskell Avenue 
Toll Center, and the Republic National Bank 
Building. 
Ladies Activities 

A suite for informal gatherings of the ladies 
will be provided at the Baker Hotel. Coffee 
will be served each morning after breakfast. 
Cards and tables will be provided for canasta 
and bridge. On Monday morning, April 2 

e ladies will be entertained in one of the 
glamorous ballrooms of the new Statler-Hil- 
ton Hotel Phis will be a ‘‘Get-Acquainted 


Coffee” at 9:30 a.m. On Tuesday at 10 
a.m., a brunch and fashion show is planned 
in the beautiful Zodiac Room at Neiman- 
Marcus. Both Monday and Tuesday after- 
noons are left unscheduled so that the ladies 
may shop, see ‘‘Cinerama Holiday,” visit 
the new public library, or the new Republic 
National Bank. On Wednesday at 9:30 a.m. 
the ladies will board buses at the Baker Hotel 
and travel to the Dallas Athletic Country 
Club for a book review and luncheon. In 
the afternoon there will be a tour of the city. 


Transistor Circuits Conference 


Scheduled February 16-17 in Philadelphia 


THE TRANSISTOR 

scheduled for . 
1956, at the University of Pennsylvania. The 
Conference is sponsored by the AIEE, Insti- 
and the University 
Registration and hotel res- 
ervation forms may be obtained from C. W. 
Hargins, th 


CIRCUITS 


February 16 


Con- 


ference is 


tute of Radio Engineers, 
of Pennsylvania. 


e Franklin Institute Laboratories, 
20th St. and Benjamin Franklin Parkway, 
Philadelphia 3, Pa. The tentative program 
is as follows: 


Thursday, February 16 


8:00 a.m. 
Auditorium 


Registration at the Irvine 


12:00 Noon. Session I on 
Special Circuits at the Irvine Auditorium 


9:30 a.m, 


Chairman: P.I 


Bargellini, University of Pennsylvania 


1.1 Audio Automatic Volume Control Circuit. B.D 
Griffith, J. Ton [ S. A Radio Cort 


America, Can 


ration of 


1.2 Linear Amplifier Employing Nonlinear — 
fication R.] !. Holzer, Signal Corps En 


i 
ring Laborat Fort M 


1.3 Voltage-Tuned Networks Using Junction Diodes. 
C. R. Hurtig, Massachusetts Institute of 


rechnology 


1.4 Multiterminal Semiconductors Operated as Two- 
Terminal Source-Free Switching-Devices {br 
Har’l, Universi f Pennsylvania 
9:30 a.m.—-12:00 Noon. Session A Tutorial 
at the University Museum 

Analysis and Equivalent Circuits. R. B. Adler, 
f Technology 


Aas ircuits R. H. Baker, Lincoln Labora- 
Massachuse I te of 


tts Institute 


12:00 Noon 
Hall 


2:00 p.m. Lunch at Houston 


2:00 p.m.-2:30 p.m. Formal Opening of 


Conference at the Irvine Auditorium 
G. L. Haller, Chai an of Conference 

D (y Fink, Past ¢ hair nan of ¢ mnference 

J Brainer Universit f Pennsylvania 
2:30 p.m.—5:30 p.m. Session II on Switch- 
ing Circuits at the Irvine Auditorium 
Chairman H. E. Tompkins, Burroughs Corporation, 
Paoli 

2.1 Direct-Coupled Transistor Logic Circuitry in 
Digital Computers J. R. Harris, Bell 
Laboratories, Murray Hill 


Telephone 


2.2 Transistor Requirements for 
Transistor Logic Circuits. J. W. Ea 


Laboratories, Murray Hill 


Direct-Coupled 
ley, Bell Telephone 
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2.3 Junction Transistor Switching Circuits for High 
Speed Digital Computer Applications. G. J. Prom, 
R. L, Crosby, Sylvania Electric Products, Inc., Waltham 


2.4 Circuit Properties of the Conjugate-Emitter 
Hook-Collector) Transistor. J. J. Suran, 
E tric Company, Syracuse 


General 


2.5 High Speed Transistor Computer Circuits. 
S. ¥. Wong, A. K. Rapp, Philco Corporation, Philadelphia 


2:45 p.m.—5:30 p.m. Session B Tutorial 
at the University Museum 


A.3 Low Frequency 
Radio Cx 


Circuits. F. D. 
poration of America, Camden 


Waldhauer, 


A.4 High Frequency Circuits. J. B. Angell, Philco 
Corporation, Philadelphia 


6:00 p.m. Cocktail-Buffet at the Penn 
Sherwood Hotel 


7:00 p.m. Informal Group Discussions at 
the Penn Sherwood Hotel 


Friday, February 17 
8:30 a.m. Registration Opens 
9:00 a.m.—12:00 
Small Signal 
Auditorium 


Noon. Session III on 
Amplifiers at the Irvine 


Chairman : attson, Bell Telephone Labora- 
¢ M r 


3.1 Transistor D-C Amplifiers. J. W. 
General I Advanced Electronics Center at 
Univ 

3.2 Transistor Amplifier Performance. 


Stanford University 


3.3. Behavior of Noise Figure in Junction Transistors 
Over Their Useful pratt 
Vielsen, Bell Telept 


Spectrum. £. G 
ne Laboratories 


Feedback 
sell Telephone 


3.4 A  Carrier-Frequency Transistor 
Amplifier. D. A. DeGraaf, F. H. Blecher 
Laboratories, Murray Hill 


3.5 The Design of Bridge-Derived Circuits for 
Precision Control of Transistorized Amplifiers. 
W. S. Chaskin, V. Babin, I. Gottlieb, Lenkurt Electric 
Company, Inc., San Carlos 
12:00 Noon-—2:00 p.m. 
Hall 


Lunch at Houston 


Session IV on Power 
Amplifiers and Power Supplies at the 
Irvine Auditorium 


2:00 p.m.—4:30 p.m. 


Chairma G H 
Corporation 


Royer, Westinghouse Electr 


4.1 Temperature Effects in Circuits Using Junction 
Transistors. H.C. Lin, A. A. Barco, Radio Corporation 
of America Laboratories, Princeton 
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4.2 Design Considerations for Semi-Conductor 
Regulated Power Supplies. 5S. Sherr, P. Levy, General 
Precision Laboratory, Pleasantville 


4.3. The Design of Transistor DC to DC Trans- 
formers for a High Degree of Reliability and Stability. 
V. M. Thompson, Canadian Defence Research Establish- 
ment, Ottawa 


4.4 Single Power Transistor DC-DC Converter. 
D. A. Paynter, General Electric Company, Syracuse 


4.5 Characteristics and Circuit Applications for a 
New Type Power Transistor. J. F. Marshall, Minne- 
apolis-Honeywell Regulator Company, Minneapolis 


Conference on Instrumentation 
To Be Held in Boston April 26-27 


Ihe AIEE Recorders and Controllers 
Conference on New Developments in Instru- 
mentation for Industrial Control will be 
held at the Hotel Bradford, Boston, April 
26-27, 1956. The following topics listed 
as potential papers have been conceived by 
the Conference Committee. The final selec- 
tion of manuscripts to be presented will be 
decided by the Conference Papers Review 
Committee, based on quality and timeliness. 
The closing date for Conference Papers is 
February 24th. 


Introduction to Technical Program: 
R. J. Jeffries, Schlumberger Instrument Company 


Session I—Information Display and Re- 
cording 


Chairman: P. A. Borden, Ret., Bristol Company 
Human Engineering in Industrial Information and 
Control Systems 


The Dynamics of Electronic Self-Balancing Systems 


Recent Developments in Information Display and 
Recording: A New Type Recorder Mechanism; 
A New Concept in Display and Recording, and 
Instantaneous Cathode-Ray Digital Display 


Chairman: A. J. Hornfeck, Bailey Meter Company 
Data 


Session II—Automatic 


Systems 


Handling 


Modern Scanning, Monitoring, Display and Circuitry 
Techniques io Plant Data Systems 


Analogue-to-Digital Conversion; Telemetering Needs 
and Techniques for Modern Production and Re- 
search 


New Developments and Trends in Analogue-Digital 
Industrial Data Systems 


New Developments in Radio Telemetry Systems 


Session III—Advanced Instrumentation 


Systems in Industry 

Chairman: W. H. Howe, Foxboro Company 
Transducer-Transmitters for Modern Data Systems 
Advanced Data System in the Atomic Industry 
Advanced Data System in the Aircraft Industry 


Advanced Data System in the Chemical Process 
Industry 


Session IV—Computer-Controlled Systems 
for Industry 

Chairman: J. W. Percy, United States Steel Corporation 
Operations Research and Computer-Control 
Optimized Utility Operations 


Suggestions for Self-Determining Computer-Control 
Systems 


Solid-State Devices Versus Tubes for Computer- 
Controlled Systems 
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Western Computer Conference 


Will Be Held February 7—9 in California 


THE WESTERN COMPUTER Confer- 
ence is to be held in San Francisco, Calif., 
February 7-9, 1956, at the Fairmont Hotel. 
The tentative technical 
conference is as follows: 


program for the 


Tuesday, February 7 


Morning Session —Opening Addresses 


Keynote Address: N. H. Taylor, Lincoln Laboratories, 
Massachusetts Institute of Technology 


Electronics in Army Support Operations. 
General W. B. Larew, chief, Army Cor 
Service Division; Harold Silverstein, special 
officer; Captain Benedict Jar 


Brigadier 
nunications 
assistant to 
chief signal systems 
planning officer 
Afternoon Session I—Programming and 
Coding 
Gestalt Programming: A New Concept in Automatic 


Programming. D. T. Ross, Servo 
Massachusetts Institute of Technology 


Laboratories, 


A Truly Automatic Computing System. Mandalay 
Grems, R. E. Porter, Boeing Airplane Company 

Lincoln Laboratory Utility Program System. H. D 
Benington, C. H. Gaudette, Massachusetts Institute of 
Technology 

An Automatic Supervisor for the IBM 702. Bruce 
Monerei ff, Rand Corporation 


Afternoon Session Il—Accessories 


Magnetic Recording Head Design. A. S. Hoagla 
University of California, Berkeley 

A Terminal for Data Transmission over Telephone 
Circuits. W. D. Lewis, Bell Telephone Company 

The Use of the Charactron with an ERA 1103. Ben 


Ferber, Convair 


A New Magnetic Tape Handler for Computer Appli- 


cations. R. M. Brumbaugh, Ampex 


Evening—Cocktail Party 


Wednesday, February 8 


Morning Session and 


Design 


IlI—Description 


Engineering Design of a Magnetic Disk Random 
Access Memory. 7. Noyes, W. E. Dickinson, 
national Business Machines 


Inter- 
The System Organization of the IBM 305. M. L 
Lesser, J. W. Haanstra, International Business Machines 


Program Interrupt on the Univac Scientific Computer. 
J. Mersel, Remington-Rand 





Membership in the American 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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Morning Session IV—Systems 


A Pulse Duration Modulated Data Processing System. 
John Lowe, Jack Middlekauff, Douglas Aircraft 


A PDM Data Converter. W. 2. Arsenault, Magnav 


An Improved Multichannel Drift-Stabilization Sys- 
tem. P.G. Patazelos, Massachusetts Institute of Technol 
ogy 


Combined Analogue and Digital Computing Tech- 
niques for the Solution of Differential Equations. 
P. A. Hurney, Massachusetts Institute of Technology 


Noon—Luncheon 


Afternoon Session V—Design, Program- 
ming and Coding 


An Experimental Monitoring Routine for the IBM 
705. H.V. Meek, Hughes Aircraft 


Logical Design of a Digital Computer for a Large- 
Scale Real-Time Application. Astrahan, Housman, 


Jacobs, Mayer, Thomas, International Business Machines 


Computer Design To Facilitate Linear Programming. 


R. C. Gunderson, Remington Rand 


Considerations in Making a Data-Processing System 
Computer Compatible B. L. Wadde W. R. Kline, 


Gianini 


Afternoon Session VI—Applications 


Using a Variable Wora Length Computer for Scientific 
Calculation. Fred Gruenberger, General El 


Unusual Problems and Their Solutions by Digital 
Computer Techniques. Lawrence Rowenfield, Melpar, 
In 

A Progress Report on Computer Applications in 
Computer Design. S. R. Gray, R. H. Kisch, Remington 
Rand 


A Topological Application of Digital Computing 
Machines. Ascher Opler, Dow Chemical 


Thursday, February 9 


Morning Session VII—Applications 


Applications of the Small Digital Computer in the 
Aeronautical Industry. H. M. Livingston, Edgar lL 
Lyons, Burroughs Corporation 


Traffic Simulator with a Digital Computer. S. } 
Wong, Philco Corporation 
Integrated Data Processing with the Univac File 


Computer. R&. P. Daly, Remington Rand 
A Fixed Program Data Processor for Banking Opera- 


tions. Jack Goldberg, Stanford Research Institute 


Session VIII—Circuits 


A One-Microsecond Adder, Using One-Megacycle 
Circuitry. A. Weinberger, J. L. Smith, National Bureau 
of Standards 

Selection Systems for 


Bilateral Magnetic 


Scale Computers. 1. H. Sepahban, Philco Cx 


Large- 


rporation 


Megacycle Magnetic Amplifiers. 7. H. Bonn, Reming- 


ton Rand 


Afternoon Session IX—RCA ‘‘Bizmac’’ 


System 

Purpose and Application of the RCA Bizmac System. 
W. K. Halstea W. Leas, J. N. Marshall, E Minett 
Radio Corporation of America 

Functional Organization of Data in the RCA Bizmac 
System. A. D. Beard, W. K. Halstead, J. F. Page, 
Radio Corporation of America 

The System Central Concept in the RCA Bizmac 
System. J. A. Brustman, P. T. O’ Neil, J. L 
Radio Corporation of America 


Owings, 
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Bimonthly Publications 


The bimonthly publications, C 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain the 
formally reviewed and approved numbered 


mmunica- 


papers presented at General and District 
meetings and conferences. The publica- 
tions are on an annual subscription basis 
In consideration of payment of dues, mem- 
bers (exclusive of Student members) may 
receive one of the three publications; ad- 
ditional publications are offered to mem- 
bers at an annual subscription price of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York exchange ) 
Single copies, when available, are $1.00 
each. Discounts are allowed to libraries, 
publishers, and subscription agencies 


Characteristics of the RCA Bizmac Computer. A. D 
Beard, L. S. Bensky, D. L. Nettleton, G. I 
poration of America 


Poorte, Radio 


Programming the Variable-Item-Length RCA Bizmac 
Computer. L. 5. Bensky, T. M. Hurewitz, A. S. Kranaley, 
R. A, C. Lane, lio Corporation of Ameri 


Nonlinear Control Systems 


Conference To Be Held in March 


[The joint AIEE-American Society of 
Mechanical Engineers (ASMI 
on Nonlinear Control Systems will be held at 
Princeton University, Princeton, N. J., 
March 26-28, 1956 The ALEE sponsoring 
committee will be the Feedback Control 
Systems Committee, and the ASME sponsor- 


Conference 


ing group will be the Instrument and Regu- 
lator Division 

Ihe papers to be presented on this Con- 
ference will be on basic and new methods for 
analysis of nonlinear control systems 
inherent 


tical systems with nonlinearities, 


theoretical and computer studies of so-called 
optimum relay servomechanisms, and syn- 
thesis methods for nonlinear systems 

the Program Committee 
I. Caldwell, R. M 
M. Stout 


Serving on 
R. E. Clarridge, W. 
Hutchinson, and Chairman 1 


Scintillation Counter Symposium 
To Be Held in Washington, D. C. 


Scintillation Counter 


The Fifth 
posium will be held February 28-29, 1956, 
at the Shoreham Hotel, Washington, D. C 
Sponsors of this Symposium are the AIEE, 
Institute of Engineers, National 
Bureau of Standards, and the Atomic Energy 
[here will be four daytime 


Radio 


Commission. 
sessions covering the following areas: Photo- 
multipliers and Circuits, Scintillators, Parti- 
cle Detection and Scintillators, and 


Problems and ‘Techniques 


forum will be held February 28t 
discussion of scintillation counter proble 

Ihe international situation with respect to 
scintillation counters and photomultipliers 


will be reviewed at this for unl 








AIEE-IRE-ACM Western Computer 
Conference 

Fairmont Hotel, San Francisco, Calif. 
February 7-9, 1956 

(Final date for submitting papers—closed) 


AIEE-IRE University of Pennsyl- 
vania Transistor Circuit Conference 
University of Pennsylvania 
Philadelphia, Pa 

February 16-17, 1956 


(Final date for submitting papers—closed) 


Scintillation Counter Conference 
Shoreham Hotel, Washington, D. C. 
February 28-29, 1956 

(Final date for submitting papers—closed) 
Southern Textile Conference 
Institute of 
Atlanta, Ga 
March 1-2, 


(Final date for submitting papers 


Georgia Technology, 
1956 


closed ) 


Paper and Pulp Conference 
University of Florida, Gainesville, Fla. 
March 8-9, 1956 

ubmitting papers closed ) 


(Final date for 


AIEE-ASME Fourth Annual Engi- 
neering Management Conference 
Hotel Statler, St. Louis, Mo. 

March, 14-15, 1956 

(Final date for submitting papers—closed) 


AIEE, Illinois Institute of Technology 
American Power Conference 
Sherman Hotel, Chicago, II. 

March 21-23, 1956 


(Final date for submitting papers closed ) 


AIEE-ASME 
Conference 
Princeton University, Princeton, N. J. 
March 26-28, 1956 

ubmitting papers 


Nonlinear Controls 


closed 


tate jor 





Future AIEE Meetings 


South West District Meeting 

Baker Hotel, Dallas, Tex. 

April 2-4, 1956 

(Final date for *TP. closed, LDP Syn. 
closed DPMs Feb. 2) 

AIEE-IRE-ISA Magnetic Amplifiers 
Conference 

Syracuse Hotel, Syracuse, N. Y. 

April 5—6, 1956 

(Final date for submitting papers—closed ) 
Rubber and Plastics Conference 
Mayflower Hotel, Akron, Ohio 

April 9-10, 1956 

(Final date for submitting papers—closed ) 
Great Lakes District Meeting 

Fort Wayne, Ind. 

April 16-18, 1956 

(Final date for *TP—closed, {DP Syn.— 
Feb. 1 DPMs—Feb. 16) 

AIEE, ASME, ISA Recording and 
Controlling Instruments Conference 
Bradford Hotel, Boston, Mass. 

April 26-27, 1956 

(Final date for submitting papers—closed ) 
AIEE-IRE Electronic Material and 
Component Symposium 
Washington, D. C. 
May 1-3, 1956 
(Final date for 
February 7) 


submitting 


papers 
North Eastern District Meeting 
Rochester, N. Y. 

May 2-4, 1956 

(Final date for * 7 P—Feb. 1, {DP Syn. 
Feb. 15 DPMs—March 2 


*TP—Transactions paper 

+CP SYN.—Conference Synopsis 

CP MS—Conference Manuscript 

(The CP Syn. date is 15 days before the CP Ms 


date) 

TDP SYN.—District Synopsis 

DP MS—District Manuscript (the DP Syn. date 
1 ate) 


5 days before the DP Ms d. 








Varied Program Planned for 


AIEE North Eastern District Meeting 


THE NORTH EASTERN District 
Meeting will be held in Rochester, N. Y., 
May 2-4, with headquarters established at the 
Sheraton Hotel on East Avenue. A full and 
varied technical program is being arranged 
for fivesessions. ‘he meeting will open with 
a general session addressed by a prominent 
4 total of 13 technical 
sessions will be on the program covering such 


Rochester engineer. 


diversified subjects as communication, tran- 
sistors and illumination, 
transformers, insulators and insulation, in- 
strumentation, 


semiconductors, 
industrial electronics, and 
others. 

Social events will include a smorgasbord 
and a dinner-dance. The smorgasbord will 
be held on Wednesday evening, May 2, with 
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all registered members having a chance to 
attend the American Bowling Congress 
Tournament, which will be in session at that 
time. The dinner-dance will be the high- 
light of activities on Thursday, May 3. 

Four inspection trips are being arranged, 
including one through the Kodak Park 
Works of the Eastman Kodak Company, 
The Russell Station of the Rochester Gas and 
Electric Corporation, the Eastman House, 
the Photographic Museum, and the Lapp 
Insulator Company. 

The Ladies Committee is arranging a 
varied program of activities for the women 
who attend. Activities will include a 
luncheon and bridge at the Monroe Golf 
Club, a trip through the Eastman House and, 


Institute Activities 


VIEW OF A SECTION of the business district of 
Rochester, N. Y., showing new highway, War 
Memorial Building, and Library Building on 
the Genessee River. 


if possible, a trip through the Rochester 
Institute of Technology’s craft school. 

The Student Activities are being arranged 
by the local chairman, co-operating with the 
Student Co-ordinator of the District. 

Blocks of rooms have been set aside at the 
Sheraton Hotel for members and 
Further information various 
rates and the method of making reservations 
will be forwarded to all North Eastern 
District members in the near future. 

The members of the North Eastern Dis- 
trict Meeting General Committee are: 
C. G. Plomasen, general chairman; J. A. 
Gienger, vice-chairman; J. D. Hershey, 
advisory; H. A. Brown, chairman, Rochester 
Section; E. M. Morecock, meetings and 
papers; R. H. Rankin, reservations; C. E. 
Tuites, Student meeting; R. A. Whitford, 
Mrs. R. A. Whitford, women’s 
arrangements; F. Drake, publicity; G. F. 
Gleason, inspection trip and transportation; 
R. W. 
Scott, 


guests. 
about the 


finance ; 


J. T. Johnson, treasurer and budget; 
McCarty, 
smorgasbord and ABC bowling party. 


dinner-dance; J. A. 


Conference on Magnetic 
Amplifiers To Be Held in Syracuse 


A special Technical Conference on Mag- 
netic Amplifiers, cosponsored by the AIEE 
Committee on Magnetic Amplifiers, the 
Institute of Radio Engineers Professional 
Group on Industrial Electronics, and the 
Instrument Society of America, Central 
New York Section, will be held in Syracuse, 
N. Y. at the Syracuse Hotel on April 5-6, 
1956. Technical sessions, a manufacturer’s 
exhibit of magnetic amplifiers, components, 
and associated products, and a banquet on 
Thursday evening, April 5, are planned. 

The first technical session will be tutorial 
in nature and will consist of four papers by 
invited speakers who are well-known authori- 
ties in their respective fields. Papers and 
speakers for this session are as follows: ‘‘A 
General Introduction to the Theory of 
Magnetic Amplifiers,’ W. C. Johnson, 
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Princeton University; ‘‘Recent Advances 
in the Theory of Magnetic Amplifiers,’ R. 
Barker, Yale University; ‘“‘Fundamentals of 
the Magnetization Process,’ Charles Bean, 
General Electric Company; and ‘Present 
Methods of Core Evaluation, Matching and 
Grading,” R. W. Roberts, Westinghouse 
Electric Corporation. 

The remaining three technical sessions 
will each consist of 4 or 5 papers chosen 
from submitted to the Technical 
Program Committee and will cover the 
subjects of materials, components, theory, 
and application. 

Committee chairmen for the conference 
Steering Committee, H. W. 
Lord and A. B. Haines; Technical Program, 
P. L. Schmidt; Publications, David Feld- 
man; Hotel Arrangements, John Becker; 
Registration, August Haedecke; Finance, 
J. W. Munnis; Publicity, F. J. Lingel; 
Co-ordination, C. F. Spitzer; and exhibits, 
Samuel Seely. 

The registration fee for the conference 
will be $3 and the cost of the banquet 
Thursday evening will be $5 per plate. 
Papers presented at the conference will be 
published subsequent to the conference in the 
Report of the Special Technical Conference 
and will be available at $4 each, if ordered 
in advance at the conference. Exhibit 
space can be obtained at a cost of $2.50 per 
square foot. The usual booth size is 6- by 8- 
feet or 6- by 10-feet. This charge includes 
the booth, background curtains, a table, and 
chairs. Manufacturers desiring exhibit 
space are invited to contact S. Seely, Depart- 
ment of Electrical Engineering, 
University, Syracuse, N. Y. 


those 


are as follows: 


Syracuse 


ESPS 30th Anniversary 
in San Francisco, California 


The AIEE joins with other co-operating 
engineer organizations which sponsor Engi- 
neering Societies Personnel Service (ESPS 
in extending to the San Francisco Office- 
ESPS, Calif., congratulations and _ best 
wishes for continued success on the comple- 
tion of the first 30 years of service to engineers 
of the western states. Of the 8,000 western 
engineering positions filled with the assistance 
of the ESPS in San Francisco, 2,000 have 
been for electrical engineers in manufactur- 
ing, design, and installation for the electrical, 
electronic, and other fields. Members of the 
AIEE San Francisco Section who have 
served on the local Advisory Committee in- 
clude: F. R. George, W. C. Smith, D. I. 
Cone, and presently H. G. Keesling, utilities 
co-ordinator, California Office of Civil 
Defense. N.S. Hibshman, secretary AIEE, 
and R. S. Gardner serve on the National 
Board of Directors for ESPS. 


Fort Wayne Section 
To Be District Meeting Hosts 


The Fort Wayne Section of the Great 
Lakes District will be host to the District 
meeting which will be held at Fort Wayne, 
Ind., April 16-18, 1956. The topics to be 
discussed are small motors, electronics, 
magnet wire, electric power generation, 
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Conference Paper Open for Discussion 


Conference paper listed below has been accepted for AIEE Transactions and is 


now open for written discussion until March 2. 


2. Duplicate double-spaced type- 


written copies of the discussion should be sent to Edward C. Day, Assistant Secre- 


tary for Technical Papers, American Institute of Electrical Engineers, 33 West 39th 
Street, New York 18, N. Y., on or before March 2. 


55-742 The Wisconsin Integrally Synchronized Computer—A University 


Research Project. 
A. K. Scidmore 


J. L. Asmuth, C. H. Davidson, J. B. Miller, D. S. Noble, 


Preprints may be purchased at 40¢ each to members, 80¢ each to nonmembers, if 


accompanied by remittance or coupons. 


tance to: 





stationary electric equipment, and education. 
The theme of this meeting will be “‘Engineer- 
ing Future Unlimited.” All of the topics will 
be broken down into the two following 
categories: Fundamental Design and Re- 
search, and Application Development. 

For further details regarding this meeting 
contact the publicity chairman, H. C. 
Kaeding, 2824 Genesee Ave., Fort Wayne, 
Ind. 


Iowa-Illinois Section 
Visits Appliance Control Plant 


At a recent meeting for the newly formed 


Iowa-Illinois Section of the AIEE, 57 mem- 


bers attended a dinner and inspection trip of 


Control 


address 


the General Electric Appliance 
factory at Morrison, Ill. In an 
after the dinner in the plant cafeteria, F. H. 
Holt, general manager, Appliance Control 
Division, General Electric Company, Morri- 
son, Ill., emphasized the tremendous future 
for the appliance industry by pointing out 
that in 1930 only 19 types of electrical appli- 
ances were on the market, whereas in 1953 
there were 54 types. The 428 million house- 


Please order by number and send remit- 
AIEE Order Department, 33 West 39th Street, New York 38, N. Y. 


hold appliances to be built in the next 5 years 
will boost the average yearly 
sumption from 2,500 kw hours per consumer 
at present to 5,000 by 1960 

Lhis trip, to the northern part of the Iowa- 
Illinois Section area, was a part of this Sec- 
tion’s continuing program of developing 
interest and participation in the AIEI 
throughout its territory. The Iowa-Illinois 
Section, with headquarters in Rock Island 


pow er con- 


and Moline, Ill., and Davenport, Iowa, was 
organized as a full Section in September 
1954, to cover 11 eastern Iowa counties and 
5 western Illinois counties in the Mississippi 
Valley region between Dubuque and Keo- 
kuk, Iowa. 


Award for Science Fair 
Presented by Arizona Section 


At a recent general meeting of the Arizona 
Section at the Westward Ho Hotel, an award 
was presented to the Arizona Science 
Teacher’s Association for their sponsorship 
of the Arizona Science Fair held last April 
The award consisted of a Certificate of Com- 


mendation and a check for $25 in recognition 


5 


Lied 


“at 


AN INSPECTION STATION in the range oven timer production line at the Appliance 


Control Plant of the General Electric Company, Morrison, Ill. 


Shown are some of the 57 


members of the AIEE lowa-lilinois Section who attended the dinner meeting and inspection 


tour of the plant. 


F. H. Holt, left, general manager, appliance control department, is 


shown describing the operations at this station. 
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of their service to science and engineering 
It was presented by Americo Lazzari, Ari- 
zona Public Service Company, to Alan 
Wager, director of the Arizona Science Fai: 
The Fair is designed to recognize outstanding 
students in science and engineering, and to 
stimulate interest in these fields. 

Committee of Awards 
Electric 
Lazzari, 


Serving on the 
were: C A, 
Company, 


Poppino, General 


chairman; Americo 
Arizona Public Service Company; and 
W. G. Scott, Salt River Power District. 

speaker of the meeting 


The principal 


CHAIRMAN of AIEE Ari- 
zona Section, R. H. Hart- 
ley, left, presents E. M. 
Gurr, Arizona Science 
Teachers Association 
president, with award 
and check for excellence 
of the Arizona Science 
Fair. 


Arizona Republic 


was H. A. Leggett, vice-president of the 
Valley National Bank, who discussed the 
Industrial Growth of Arizona. 


Memphis Section Presents 
Award for Outstanding Services 


J. R. Stevenson, retired director of the 
Electric Division of the Memphis Light, Gas 
and Water Division, has received the ‘‘Award 
for Outstanding Services to the electrical 





New York Section Honors AIEE Fellows 


RECENT FELLOWS honored by the AIEE New York Section: 


C. F. Savage, Consultant, professional 


relations, General Electric Company, N. Y., for his contributions to the design and development of elec- 
trical instrumentation; A. R. Nelson, general superintendent of distribution, electric department Public 
Service Electric and Gas Company, Newark, N. J., in recognition of his engineering and administrative 
achievement in the over-all guidance of the continued development and expansion of one of the nation’s 
largest transmission and distribution systems; W. B. Fisk, system engineer, Consolidated Edison Company 
of New York, Inc. for contributions to the design, installation, and operation of inside and outside plants 
in a large metropolitan electric system; Harry Barker, partner of Barker and Wheeler, New York, N. Y., 
for over half a century of active service to the electrical engineering profession as editor, educator, and 
consultant; C. E. Scholz, vice-president and chief engineer, American Cable and Radio Corporation, 
MacKay Radio and Telegraph Company, Inc., All America Cables and Radio, Inc., and The Commercial 
Cable Company, N. Y., for his design of high-power radio transmission systems and for contributions to 
international radio telegraph operations; C. E. Dean, director of publications, Hazeltine Electronics 
Corporation, Little Neck, N. Y. for contributions to literature in the field of communications, particularly 


television. 


Also honored but not shown in the group was Fulton Cutting, professor of physics and assist- 


ant to the president, Stevens Institute of Technology, Hoboken, N. J., for services to electronic engi- 
neering in the fields of research, management and education. 
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industry and to the citizens of Memphis, 
Tenn.,” at the December meeting of the 
AIEE Memphis Section. The award will 
be given to an engineer deserving special 
recognition for services to the engineering 
profession as determined by an AIEE Board 
of Directors. 

Mr. Stevenson received a bachelor of 
science degree in electrical engineering from 
the University of Illinois, and was elected to 
the national honor fraternities Tau Beta Pi 
and Eta Kappa Nu. He was elected a mem- 
ber of the national mathematics fraternity, 
Pi Mu Epsilon, at Washington University. 
He has served as manager of the Monmouth 





WINNER of the Award for Outstanding Services, 
J. R. Stevenson, former director of the Electric 
Division of the Memphis Light, Gas and Water 
Division, after receiving the award from C. Young, 
Chairman of the AIEE Memphis Section, during the 
December Meeting. In the background is the new 
AIEE Memphis banner; similar banners have been 
distributed to all AIEE Sections. 


Public Service Company, general superin- 
tendent of the Kewanee Public Service 
Company, chief engineer of the Kentucky 
Power Company, and superintendent of 
production for the Community Power and 
Light Company. He joined the Memphis 
Light and Water Division in 1937. Heisa 
member and former director of the Engi- 
neers’ Club of Memphis. He is a Fellow of 
the AIEE and is a past director of the Mem- 
phis Section. 


COMMITTEE ACTIVITIES 


Editor's Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Industry Division 


Committee on Industrial Power Rectifiers 
(J. B. Pitman, Chairman; J. K. Dillard, Vice- 
Chairman; C. A. Langlois, Secretary). The 
Working Revisions of ASA 
Standards has completely reviewed the 
ASA Standards for Pool Cathode Mercury- 
Arc Power Converters (C34.1-1949, for- 
merly AIEE Report No. 6), proposing revi- 
sions due to advances in the art and to con- 
form with the International Electrotechnical 
Commission standards. 


Group on 
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The Subcommittee on Mechanical Recti- 
fiers has outlined plans for standards for 
mechanical rectifiers, beginning with termi- 
nology, definitions, nomenclature, and sym- 
bols. 


Science and Electronics Division 


Committee on Dielectrics (L. J. Berberich, 
Chairman; K. N. Mathes, Vice-Chairman; 
E. L. Brancato, Secretary). The Committee 
on Dielectrics has been extremely active 
since its inception August 1, 1955. It suc- 
ceeds the former Subcommittee on Dieclec- 
trics of the Basic Sciences Committee. It 
has five Subcommittees, namely: Subcom- 
mittees on Gaseous Dielectrics, Solid Dielec- 
trics, Liquid Dielectrics, Corona and Radi- 
ation Effects on Dielectrics, and Thermal 
Evaluation of Insulating Materials. The 
organization of a West Coast Subcommittee 
is contemplated. The function of this Sub- 
committee would be to represent the main 
Committee and to sponsor insulation sessions 
at meetings of the Institute in the West 
Coast area. 

With the increasing importance of nuclear 
activities, it is contemplated to separate the 
Radiation Effects activity from the Sub- 
committee on Corona and Radiation Effects 
on Dielectrics and form a separate Subcom- 
mittee on Radiation Effects on Dielectrics. 

While all of the Subcommittees have been 
engaged in sponsoring papers and sessions at 
Institute meetings, the Subcommittee on 
Thermal Evaluation of Insulating Materials 
has also undertaken a special activity. This 
involves the development of a series of test 
procedures for the thermal evaluation of 
insulating materials. The first of these, 
entitled ‘Proposed Test Procedure for 
Evaluation of the Thermal Stability of 
Enamelled Wire,’ was issued in October 
1955 as AIEE Publication No. 57. Other 
test procedures which are under develop- 
ment are for rectangular enamelled wire, 
fibrous covered magnet wire, varnishes, 
flexible sheet insulation, rigid sheet insula- 
tion, mica composites, and tubing and 
sleeving. In addition, this Subcommittee 
has under development a guide for the 
preparation of test procedures for the thermal 
evaluation of insulating materials which will 
eventually become part of AIEE Standard 
No. 1. This AIEE Insulation Temperature 
Standard is now being revised by AIEE Co- 
ordinating Committee No. 4. 


Power Division 


Committee on Transformers (J. R. 
Meador, Chairman; D. L. Levine, Vice- 
Chairman; J. H. Chiles, Jr., Secretary). At 
the Committee meeting in New York on 
October 19, 1955, reports of the seven Sub- 
committees were presented and discussed. 
A substantial amount of work has been 
started to supply material for inclusion in 
the new format for ASA C57. Dielectric 
test tables for the various types of apparatus 
are nearing completion. 

Proposed Test Codes for power factor 
testing of power and distribution trans- 
formers have now been issued for trial use. 
Impulse testing was actively discussed and a 
proposed impulse testing guide is in the 
early stages of preparation. 
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AIEE Section Meeting in Cleveland 


PROOF that electric power is as free as sunlight was demonstrated at an AIEE Section 
Meeting in Cleveland. Dr. Gordon Raisbeck of the Bell Telephone Laboratories’ technical 
staff illustrated the basic principles of the science of stretching into space, extracting elec- 
trical energy, and setting it aside for future use. Dr. Raisback (center) is discussing some 
of the problems associated with solar battery design with G. Canning (right), Cleveland 
Section chairman, and J. Ponsting! (left), publicity chairman of the Cleveland Section. 





Great Lakes District Meeting 


SOME MEMBERS of the committee that are organizing the Great Lakes District meeting on April 16-18, 
1956, at Fort Wayne, Ind. From left to right they are: C. J. Herman, program chairman; R. W. 
Fackler, registration reservation chairman; J. Carroccio, general chairman; H. C. Kaeding, publicity 
chairman; and D. B. Searls, inspection trips and transportation chairman. 
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An effort is being made to get the insula- 
tion systems concept into use to replace the 
insulation class material designations, par- 
A great 
deal of progress has been made in developing 


ticularly for dry-type transformers. 


functional temperature endurance tests. 

It is expected that the proposed guide for 
the maintenance of insulating oils will soon 
be ready for submission to the Standards 
Committee. 

The two new Subcommittees on Standards 
and on Audible Sound have started to func- 


tion. Revision of bushing testing standards 
is believed necessary, and a working group is 
being formed to review the situation and 
make recommendations. This matter is of 
particular interest in the active West Coast 
Subcommittee. 

A proposed guide for operation and main- 
tenance of dry-type transformers with Class 
B insulation (AIEE Publication No. 53, 
October 1952) has been revised after being 
in trial use, and will be submitted soon for 
approval. 


AIEE PERSONALITIES 


Vannevar Bush (F ’24, HM ’49), president 
of the Carnegie Institution of Washington, 
January 1. He presented his 
Institute’s Board of 
Trustees on December 9 in which he briefly 


retired on 
final report to the 
reviewed the progress that has been made 
by the Institution’s staff and assessed the 


probable contributions that fundamental 
science can make to a solution of some of the 

reat problems that confront our civilization. 
honorary degrees, medals 
patents, Dr. Bush 


has held numerous positions of leadership 


Holder of many 
ind awards, and U. S. 
in governmental, scientific, and research 
organizations and is the author of a wide 
range of subjects. He was chairman of the 
National Advisory Committee for Aero- 
nautics from 1939 to 1941. In 1940 he was 
chairman of the National Defense 
Research Committee, and a year later was 
appointed director of the Office of Scientific 
From 1942 to 
1946, Dr. Bush was chairman of the Joint 


made 


Research and Development. 


Committee on New Weapons and Equip- 
ment of the Joint United States Chiefs of 
Staff From 1946 to 1947, he headed the 
Joint Board, 
and from 1947 to 1948 he was chairman of 


Research and Development 


the Research and Development Board of 
the National Military Establishment. He 
is a member of the Council on Foreign 
Relations. He is a Fellow of the American 
Physical Society, and an Honorary Member 
of the Franklin Institute 
the American Society for the Advancement 
of Science, 


He is a member of 


National Academy of Sciences, 
American Society for Engineering Education, 
[au Beta Pi, Kappa Eta Kappa, Phi Beta 
Kappa, and Eta Kappa Nu. He has served 
on the following AIEE committees: Electro- 
(1924-32, Chairman 1931-33); 
Power Transmission and Distribution (1925 

29); Research (1924-30, 1939-41); 
tion (1928-29); 
Technical Program 
Edison Medal (1933-38 


search Council, 


physic S 


Educa- 
Meetings and Papers, 
1937-38); 
National Re- 
Division of 
and Industrial Research (1935 
Medal (1936-39, 
Co-ordination of Institute 


(1929-33, 


Engineering 
39); Lamme 
Chairman 1938-39); 
Activities (1937- 
38); American Association for the Advance- 
ment of Science Council (1938-40): and 
Board of (1937-41). Dr. Bush 
was the Lamme Medalist for 1935; Edison 
Medalist, 1943; Washington Award, 1946; 
Hoover Medalist, 1946; and 
Medalist, 1951 


Directors 


John Fritz 


M. J. Kelly (M ’26, F ’31), president of Bell 


lelephone Laboratories, has been elected a 
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foreign member of the Swedish Royal Acad- 
emy of Sciences for his research studies in 
He is one of 
108 foreign members from countries outside 
The Academy, which was founded 
in 1739 for the encouragement of the natural 
sciences and mathematics, awards two of the 


electronics and electrotechnics. 


Sweden. 


prizes of the Nobel Foundation (chemistry 
and physics). It does most of its work 
through scientific institutions, publication of 
scientific pamphlets, and in providing funds 
to outstanding scientists and authors. Among 
the distinguished Americans who are mem- 
bers of the Academy are: Irving Langmuir, 
Harlow Shapley, Harold C. Urey, and E. O. 
The late Albert Einstein was 
Dr. Kelly also was nomi- 
nated by the City of Genoa, Italy, to receive 
the first Christopher Columbus International 
Prize. He received this 
in recognition of *‘. . .the planning, now 
being placed into practice, of the submarine 


Lawrence. 
also a member. 


Communication 


telephone cable which will make it possible 
to establish 36 telephone circuits across the 
Atlantic between Scotland and Canada with 
extension to New York, ‘intending further- 
more to reward hereby the numerous scien- 
tists, research workers, and engineers who 
have contributed in the planning, production 
and placing in operation of the interconti- 
telephone line’”. The 
Christopher Columbus International Com- 
munication Prize, instituted as a memorial to 
Christopher Columbus, is intended to honor 


nental submarine 


any outstanding discovery or research work 
completed in the previous four years to aid 
men. The award 
will be conferred each year in one of four 
categories of communications: maritime, air, 
land communications, and telecommunica- 
Awards will be based on recom- 
mendations of the Italian Higher Institute 
of Telecommunications and the Superior 


communications among 


tions. 


Research Council, and may be given to an 
individual, an organization or, collectively, 


Presentation of the 
prize will take place each October in Genoa, 
on the occasion of the International Meeting 
Dr. Kelly has been on 
the following committees of the Institute: 
Communications (1934-37); Standards 
(1934-39, 1941-43); Basic Sciences (1937-46); 
Lamme Medal (1940-43); Research (1940- 
45; 1947-50); Chairman (1949-51); Award 
of Institute Prizes (1949-51), Technical Pro- 
gram (1949-50) 


to a group of persons. 


of Communications. 


(See page 706, August 
Electrical E ngineering 1955, for biography of 


Dr. Kelly.) 


J. E. Hobson (AM ’36, M ’41, F °48), direc- 
tor of Stanford Research Institute (SRI) 
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since March 1948, has submitted his resigna- 
tion effective March 31, 1956. Under Dr. 
Hobson’s leadership SRI has grown during 
the past 9 years to become one of the largest 
independent applied research organizations 
in the United States. He is a native of 
Marshall, Ind. 
tion from Purdue University and took his 


He graduated with distinc- 


degree, magna cum laude, from 
California Institute of Technology. Im- 
mediately prior to his appointment to head 
SRI, he was director of the Armour Research 
Foundation for four years. He has been an 
instructor in mathematics at Earlham Col- 
lege, an instructor in electrical engineering at 
Armour Institute of central 
station engineer for Westinghouse Electric 


doctor’s 


Technology, 


Corporation, and director of the department 
of electrical engineering, Illinois Institute of 
Technology. Eta Kappa Nu, _ honorary 
of electrical engineers, named Dr 
“Outstanding 


society 
Hobson 
Engineer of the 


Young Electrical 
United States in 1940.” 
The society further honored him by electing 
him to its presidency for its golden anni- 
versary year, 1953-54. He was consultant 
to the Manhattan District of the Army 
Engineers, and was chairman of the Mexican- 
American Conference on Industrial Re- 
Under the auspices of the Mutual 
Security Agency he participated in a series of 
industrial 
Austria, and Italy during the year 1951-52. 
He has been board chairman of the National 
Electronics Conference, 


search. 


research activities in Germany, 


member of the 
Division of Engineering and Research and 
the Building Research Advisory Board of the 
National Research Council, the National 
Security Industrial Association’s Ordnance 
Advisory Committee, and of the American 
Industrial Development Council. He re- 
cently was named a Fellow of the Institute of 
Radio Engineers in recognition of his con- 
tribution to, and leadership in, electronic 
research. Dr. Hobson has been active with 
the AIEE and has served on the following 
committees: Basic (1941-45), 
Electrochemistry and Electrometallurgy 
(1943-45), Education (1944-45), Power 
[ransmission and Distribution (1944-47), 
Standards (1945-50), Communication 
(1946-47), Registration of Engineers (1946 

49, Chairman 1947-51), Chemical, Electro- 
chemical, and Electrothermal Applications 
(1946-53), Research (1947-49, 1954-55, 
Chairman 1955-56), Electronics (1947-56), 
Co-ordinating Professional Group (1947-49), 
National Bureau of Engineering Registra- 
tion, Advisory Board (1947-49), Instruments 
and Measurements (1949-55), Liaison Rep- 
resentative on Standards (1952-55), Science 
and Electronics Division (1953-56), and 
Technical Operations (1955-56). A. M. 
Zarem (AM ’43, F ’°50), has resigned his 
positions as 


Sciences 


assistant director and man- 
ager of the Southern California Division of 
SRI to enter the field of private consulting 
in Los Angeles, Calif. He will be engaged in 


independent research counseling and ad- 


visory services to business and industrial 


management. He will specialize in review- 
ing research policy programs and planning 
with a view toward improving utilization of 
industrial resources to match the demand of 
changing technology. Dr. Zarem has long 
been identified with professional circles in 
electronics and physical sciences research on 
the West Coast since joining SRI in 1948. 
He is a graduate of Illinois Institute of 
Technology and has a master of science and a 
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doctor’s degree from the California Institute 
of Technology. A member of numerous 
professional societies, he was chosen the 
nation’s outstanding young electrical engi- 
neer by Eta Kappa Nu, electrical engineering 
honor society, for the year 1948. In 1950 he 
was named one of ‘‘America’s Ten Out- 
standing Young Men” by the U. S. Junior 
Chamber of Commerce, a selection made for 
both civic and professional achievements. 
He has served on the AIEE committees on 
Electronics (1948-55, Chairman 1955-56), 
Electrical Medicine and 
Biology (1951-56), and Science and Elec- 
tronics Division (1955-56). 


echniques in 


W. J. Barrett (M ’36, F ’50), electrical co- 
ordination engineer, Bell Telephone Com- 
pany, Newark, N. J., was elected president 
of The United Engineering Trustees, Inc. 
(UET). Mr. Barrett is a director of the 
Engineers Joint Council. He is well known 
in engineering circles, being treasurer and a 
director of the AIEE, which he represents on 
the board of UET. The UET was incor- 
porated in 1904 for the chartered purpose of 
the advancement of the engineering arts and 
sciences in all their branches and to maintain 
It acts in 
a fiduciary capacity for a large number of 


a free public engineering library. 
joint activities of the major engineering 
Mr. Barrett has served the AIEE 
(1949-52) and as Treasurer 
He has served on the following 
(1948-50); 


1950-52); 


societies, 
as director 
(1953—56). 
ATEE Committees: 
Finance (1949-51, Chairman 
Board of Directors (1949-55); Communica- 
(1950-53 Lamme Medal 
Co-ordination 


Sections 


tion Division 
(1950-53 Planning and 
(1950-56 Headquarters (1950 53 
tive (1950-55 


Execu- 
Joint AIEE-IRE Co-ordina- 
53, Chairman 1953 
Irustees, the United Engi- 
(1951 56); Board of 
and Engineers Joint 
Council Representative (1954-56 


tion Committee (1951 
55); Board of 
neering Trustees, Inc. 
Examiners (1952-53); 


C. F. Dalziel (AM ’33, M °39), professor of 
engineering, University of California, Berke- 
ley, has been appointed by the International 
Labour Office in Geneva, Switzerland, as a 
member of the Committee on Occupational 
Safety and Health for a term of 3 years. 
The committee on which he will serve is an 
advisory group of experts in the field of 
occupational safety and health. Professor 
Dalziel is noted for his research on the effects 
of electric shock on humans and animals. 


E. A. Walker (AM °34, F ’47), dean of the 
College of Engineering and Architecture at 
the Pennsylvania State University, has been 
named vice-president of the university, 
effective June 30, 1956. Dr. Walker will co- 
ordinate and stimulate the research program, 
and will general supervision over 
operational activities. Dr. Walker was born 
in Long Eaton, England, and received a 
bachelor, master, and doctor of science 


have 


degree from Harvard University. During 
the years 1942 to 1945, he served as research 
associate, assistant director, and _ finally 
associate director of the Harvard Underwater 
Sound Mass., 


where he had charge of the development of 


Laboratory at Cambridge, 


ordnance weapons. For his work there, he 


was awarded the Naval Ordnance Develop- 
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ment Award and also a Presidential Certifi- 
cate of Merit. He has served as a vice- 
president of the American Society for 
Engineering Education, and as a director of 
the Engineering College Research Council. 
He is a member of Tau Beta Pi, the American 
Physical Society, and a Fellow of the Acous- 
tical Society of America. He has served on 
the following AIEE committees: Member- 
ship (1942-43), Education (1945-46), Re- 
search (1947-51), and Charles LeGeyt 
Fortescue Fellowship (1952-55, Chairman 
1954-55). 


Charles Weyl (AM ’20, M ’47), president 
International Resistance Company (IRC), 
Philadelphia, Pa., has been awarded a 
Centennial Citation by the University of 
Pennsylvania. Voted by the faculty as a 
recipient of this award for professional 
achievements, contributions to the public 
welfare, and services to the university, he was 
cited “‘. . . for stimulating advocacy of the 
humanities in the engineering curriculum, 
for pioneering work in radiologic physics, 
and for responsible administration in the 
graphic arts and electrical manufacturing 
industries.”’ graduation from 
Pennsylvania University, Mr. Weyl joined 
the Bell Telephone Company as an appren- 


Following 


tice electrical engineer. He became an in- 
electrical 


University of Pennsylvania and 5 years later 


structor in engineering at the 
became assistant professor. He was ap- 
pointed associate professor, and later pro- 
fessor of electrical engineering. He joined 
the IRC organization as assistant to the 
president in 1944, and was elected executive 
vice-president a year later. He had been a 
director of IRC for 24 years when he was 
elected to the presidency. 
rently chairman of the Board of Directors of 
Edward Stern and Company, Inc., Phila- 
delphia, Pa. He is the author of ‘“‘Apparatus 
and Technique for Roentgenography of the 
Chest,’ coauthor of ‘‘Radiologic 


He 1S also cur- 


Physics,” 
and author of numerous professional articles. 
Among other awards presented to Mr. Weyl 
was the Franklin Institute Longstreth Medal 
in 1930. Jesse Marsten (AM ’26, M ’50), 
vice-president of affiliates and engineering, 
was elected senior vice-president by the 
company’s Board of Directors. Mr. Marsten 
has been actively engaged in IRC expansion 
for the past 25 years. 
pany as chief engineer, and was elected to 
vice-president of affiliates and engineering. 
He is a member of the IRC Board of Direc- 
tors and Executive Committee, and of IRC 
subsidiaries—Circuit Instruments Inc., 
Hycor Companies, Ircal Industries, and 
Emec, Inc. He has been consultant to the 
Research Development Board of the Defense 
Department, and still acts as consultant to 
their Electronics Group. He is a member of 
the Institute of Radio 
Marsten is also active in Radio-Electronics- 
Television Manufacturers Association engi- 
neering affairs. He has served on the AIEE 
committee on Electronics (1955-56 


He joined the com- 


Engineers. Mr. 


F. M. Tait (AM °94, F °12), founder and 
chairman of the Board of Directors, Dayton 
Pump and Manufacturing Company, Day- 
ton, Ohio, has formed the Frank M. Tait 
Foundation in Dayton, Ohio, for charitable, 
scientific, educational, and religious pur- 


poses. The foundation will be administered 
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by a Board of Trustees comprised of Dayton 
residents. The trustees will have the right 
to determine investments and distribution 
of the Foundation’s capital. Mr. Tait is 
known as a pioneer in the United States 
public utilities industry. His utility career 
started in his home town. This led him into 
executive direction of utilities in seven states 
and Japan, with his foremost interest being 
centered throughout his career in the Dayton 
Company which he took over in 1905. He 
founded the Dayton Pump Company in 1908. 
At one time he was active in the executive 
Currently, in 
addition to his Dayton Pump connection, 
he is chairman of the board and a member 
of the executive committee of the Dayton 
Power and Light Company, and a director 
and member of the executive committee of 
the United States Pipe and Foundry Com- 
pany, Birmingham, Ala.; and has financial 
interests in many other corporations in the 
United States. He is past president of the 
Edison Pioneers, vice-president and trustee 
of the Thomas Alva Edison Foundation, 
past president of the Ohio Electric Light 
Association and the National Electric Light 
Association which now is the Edison Electric 
Association, and a member of the American 
Gas Institute. 
from Lehigh University and the University 
of Dayton. 


direction of 35 corporations. 


He holds honorary doctorates 


R. C. Sprague (M °40, F °49), cl 
the board of the Sprague Electric Company, 
North Adams, Mass., has received the Silver 
Knight of Management Award of the 
National Association of (NAF 

Mr. Sprague received this award for the 
practice of the NAF code of ethics in his 


uirman of 


Foremen 


everyday business, for his loyalty to objectives 
of the NAF, and his efforts for the advance- 
ment of the American free enterprise system. 
He is a past president of the Radio-Elec- 
tronic-Television Manufacturers’ Association 
and at present is consultant to the National 
Security Council. 


H. D. Beebe (M ’44), head of the electric 
department, Stone and Webster 
Corporation, New York, N. Y., has been 


Service 


elected a vice-president of the firm. Mr 


Beebe has been with the corporation since 
1950. He formerly was general superin- 
tendent with the Tampa Electric Company, 
Fla. 


R. G. Schimpf (M °50), specialist in auto- 
matic and semiautomatic machinery for the 
Elgin National Watch Company, IIl., was 
named engineering manager of the com- 
pany’s ordnance research and engineering 
department. Mr. Schimpf will 
classified ordnance research in missile compo- 


supervise 


nents and other Government projects. 
He has been a member of the 
Industrial Products 
since 1950. He is a member of the Institute 


f Radio Engineers. 


company’s 


Engineering Division 


F. J. Roehm (AM ’41, M °46) manager of 


engineering services for the International 
Business Machines Corporation (IBM ) Endi- 
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cott Laboratory, N. Y., has been appointed 
to the staff of the Director of Engineering, 
World 
pointed electric accounting machines prod- 
IBM. Mr. Roehm was 
employed by IBM in 1948 as a design engi- 


Headquarters. He was also ap- 
uct engineer for 


neer and two years later was assigned to mo- 
bilization planning study for Air Force com- 
puter equipment production. In 1951 he 
was named project engineer at the Labora- 
tory After two years, he was appointed as- 
sistant engineer to the production engineer 
technical and administrative 


functions, and to 


to assist in 
co-ordinate electronic 
projects and special assignments. He ob- 
tained the degree of bachelor of electrical 
University in 
He holds membership in the Institute 
of Radio Engineers K. E. White (AM ’44, 
M ’53), project engineer and manager of the 

ctrical IBM, Endicott, 
N. Y., was appointed manager of the com- 
pany’s engineering White 
from the New 


Hampshire with a bac helor of s¢ ience degre e 


engineering from Syracuse 


1940. 


laboratory of 


services. Mr. 


graduated University of 


n electrical engineering in 1935. He has 
served on the AIEE Committee on Commu- 


nication Switching Systems (1952-56 


M. F. Behar (AM ’37), 


Instruments 


vice-president and 


editor, Publishing Company, 


Pittsburgh, Pa., was made an _ honorary 
member of the Instrument Society of Amer- 
ica (ISA) during the Society’s 1955 Tenth 
Annual Instrument-Automation Conference 
and Exhibit in Los Angeles, Calif. The 
award was presented to Major Behar for his 
contributions to industry in pioneering the 
basic literature and terminology for the appli- 
cation of instruments in measurement and the 
control of automation in industrial production 
methods. He 


France, 


received his education in 
Switzerland, and England, and in 
the United States at Pratt Institute, Brook- 
lyn, N Y. and Columbia University, 
New York, N. Y. He served in World War I 
in the United States Army Infantry and 
Ordnan Corps In 1929, he 


editor of Instrun magazine, the first na- 
| 


became 


tional publication devoted to instrumentation 


j 


and automation in industry. 


S. F. Moore, Jr. (AM ’53), project engineer, 
General Electric Company, Utica, N. Y., 
and M. T. Reese (AM ’5 


engineer for the 


, production 
| voltage 
department at Pittsfield, Mass 
have been transferred to the staff of the 
company’s new D-C Electrolytic Capacitor 
Plant at Irmo, 8. C. Mr. Moore, who will 


serve as a design engineer, has done out- 


comp 


any in the 


regulator 


standing work as a project engineer des 


ing radar equipment since he joined the 


] 
company in 1953. He graduated from the 


University of South Carolina in 1950 with a 


bachelor of 


science degree in electrical 
While in 
Chairman of the Student Branches of thx 
AIEI 
and is still a member of both organizations. 


Mr. Reese 1947 


as an engineer in the test program. In 1948, 


engineering. school, he was 


and the Institute of Radio Engineers, 
joined the company in 


he did feeder regulator control design work 
He holds a patent on an electronic motor 
speed reduction device. F. G. Stebbins 
(M ’44), sales managet 
for the company in Pittsfield, Mass 
appointed manager of marketing administra- 


power Capacitor 


has been 


tion for the capacitor department at Hudson 


200 


John Davidson, Jr. 


Falls, N. Y. Mr. Stebbins is a veteran of 
37 years’ service with the company and has 
played a leading role in the growth of the 
capacitor department. He graduated from 
Union College in 1918 with a bachelor of 
science degree in electrical engineering and 
joined the company’s engineering test 
program that Later 
included International General Electric, the 
Central Station Group, and the transformer 
(now the ‘Transformer and 


year. assignments 


department 
Allied Products Division), where he became 
manager for distribution 
W. G. Hart (AM ’45), 


supervisor in power capacitor sales for the 


assistant sales 


transformers 


company in Los Angeles, Calif., has been 
appointed manager of power capacitor sales 
at Hudson Falls, N. Y. Mr. Hart graduated 
from the University of California in 1942. 
He joined the General Electric’s engineering 
test program in 1943, and was given a 3-year 
assignment with the Manhattan Engineering 
District Atom Bomb Project. He 
first at the University of California’s Radiation 
later at the 
general engineering laboratory at Schenec- 
tady, N. Y. He received the Manhattan 
District Special Award for his contribution 
to the development of the atomic 


served 


Laboratory and company’s 


bomb. 
In 1946, he transferred to the sales organiza- 
tion, and from 1948 to 1955 was district 
transformer specialist in the apparatus sales 
office in Los Angeles. Mr. Hart is a member 
of the Electric Club of Los Angeles, and the 
Pacific Coast Electrical Association. W. C. 
Dunlap, Jr. (M °55), physicist in the com- 
panys Electronics Division, Syracuse, N. Y., 
has been named a consultant in the semi- 
conductor field in the electronics laboratory. 
He has been engaged in the field of semi- 
conductors since 1945. He worked in most 
of the major areas of interest in the develop- 
Hall effect 


photoc ells, 


ment of transistors, rectifiers, 
and magneto-resistive devices, 
detectors He 


University of New 


thermistors, and infrared 


graduated from the 
Mexico with a bachelor of science degree in 
physics and chemistry in 1938. He received 
a doctor’s degree in physics at the University 
of California, Berkeley, in 1943. He has 
served on the AIEE Basic Sciences Com- 
mittee (1951-56 


OBITUARIES 


(AM 719, M ’21), 
Federal Telephone and 

Clifton, N. J., died 
recently. He was born in New Orleans, 


telephone engineer, 
Radio Corporation, 
La., in 1885. He received a bachelor of 
engineering degree from Tulane University 
in 1906 and a degree in electrical engineer- 
ing in 1909 from Cornell University. In 
1909 he joined the Ohio Works of the Car- 
negie Steel Company as a supervisor in the 
electrical department. ‘Two years later he 
became affiliated with the American Tele- 
in the 
equipment branch of the engineering de- 


phone and Telegraph Company 


partment. He did work on the equipment 
features involved in the application of car- 
rier telephone methods in the telephone 
plant, and worked on a study of new methods 
of signalling in telephone toll practice 
led to the development of a number 
After 39 years of service 


while 
of useful methods. 
with the Bell System he 
months later entered the field of telephone 


retired, but 9 


Institute Activities 


communications with the Federal Tele- 
phone and Radio Corporation. Mr. David- 
son was a member of the Montclair Society 
of Engineers. He served as secretary for 
the AIEE committee on Communications 
for 6 years. 


Laurence C. Hawkes (AM °49), applica- 
tion engineer of the I-T-E Circuit Breaker 
Company, Philadelphia, Pa., was stricken 
with polio and died in November. He 
was born in Duluth, Minn., in 1924. He 
received a bachelor of science degree in 
electrical engineering from the University 
of Washington, Seattle, in 1945. In 1946 
he joined the H. L. Yoh Company, Inc. as 
a research technician. He was supervisor 
of a group of 20 engineers engaged in the 
analysis of electrical control equipment 
furnished to the Bureau of Ships. In 1948 
he joined the I-T-E Circuit Breaker Com- 
pany as an application engineer in switch- 
gear sales. Mr. Hawkes was chairman of 
the Membership Committee, Boston Section. 


Fernand Emile d’Humy (AM ’20, F °30, 
Member for Life), retired vice-president of 
the Western Union 
died December 22. He was born in Lon- 
don, England, in 1873. In 1888 he came 
to the United States and attended the Mas- 
Institute of Technology. He 
entered the communications field with the 
1891. He 


Telegraph Company, 


sachusetts 


Postal Telegraph Company in 


joined the Western Union Telegraph Com- 


pany as central office engineer 19 years 
later and was responsible for the design of 
all United States 
buildings used in the company’s service. 
In World War II he was liaison officer 
National Defense Research 
Committee and Western Union, directing 
the development and production of numerous 


equipment and office 


between the 


communications for the armed 


1934 he was 


items in 

forces. In 
president of engineering for Western Union 
In 1946 he was 
charge of development and rese: 


appointed vice- 
made vice-president in 
arch activi- 
ties of the company, a position he held until 
his retirement in 1949. He is the inventor 
of a wide variety of engineering develop- 
ments and holds many patents for his 
associations 
Institute of 
Society of 


processes. His professional 


included membership in the 
Radio Engineers (London), the 
American Military Engineers, the American 
Geophysical Union, and the National Aero- 


nautical Association. 


Horace P. Liversidge (AM °12, F °43 
chairman of the board of the Philadelphia 
Electric Company, Pa., died suddenly in 
December. He was born in Norristown, 
Pa., in 1878. He received his technical 
education from Drexel Institute of Tech- 
nology. His work in the utility industry 
started in 1898 when he was employed as a 
wiring inspector by the Edison Electric 
Light Company, forerunner of Philadelphia 
Electric. It was not more than a year 
after his employment with the Edison Elec- 
tric Light Company that he began his rise 
through numerous supervisory posts. He 
was elected vice-president in 1924, vice- 
president and general manager in 1926, a 
director in 1936, president in 1938, and 


ELECTRICAL ENGINEERING 





board in 1947. Mr 
especially 
moting co-operation among the 
branches of the electrical industry 
the earliest days of his executive activity, he 


chairman of the 
Liversidge was active in pro- 
various 


From 


was an exponent of interrelated effort in 
the industrial field. 
tion received national recognition in 1932, 
when he received the James .H. McGraw 
Award “... in recognition of his distin- 


His work in this direc- 
1! 


guished contribution to the advancement 
of co-operation in the electrical industry.” 
He received other awards for distinguished 
contributions to the welfare of his com- 


munity and country. He received the 
honorary degree of doctor of engineering in 
1940 from the Stevens Institute of Tech- 
nology, and the degree of doctor of science in 
commerce in 1943 from the Drexel Institute 
of Technology. He was active with many 
industry groups, including the advisory com- 
mittee of the Edison Electric Institute; the 
board of governors of the Electrical Associa- 
tion of Philadelphia, of which he was a past 
ywresident; the board of trustees of the 
[Thomas Alva Edison Foundation, Inc.; the 
Association of Edison Illuminating Com- 
panies, of which he 
I'he American Society of Mechanical Engi- 


neers; the Illuminating Engineering Society 


was a past president; 


and the awards committee of the James H. 
McGraw Award for Electrical Men. He 
served on the following AIEE committees: 
Meetings and Papers (1920-21 
Stations (1918-24, Chairman 
Electrical Machinery (1923-24 

Medal (1927-29); and Code of Principles of 
Professional Conduct (1928-29 


Power 
1920-21 


° Edison 


Robert E. Shelby (AM ” 51), vice- 
president and chief engineer National 
Broadcasting Company (NBC), died in De- 
cember. 
1906 
in 1927 

| 


in electrical engineering, a bachel 


He was born in Austin, Tex., in 
He attended i 


received a bachelor of science 


Texas University and 


degree in 1928, and a master’s deg n 
1929. He joined NBC in 1929 and was a 
pioneer in the development of black and 
white and color television, being credit 

many technical advancements in the 

try. He 
NBC television laboratory in the 
State Building, New York N. Y., 
From 1935 to 1937 he assisted in th 
Corporation of America (RCA)-NB(¢ 
tests of electronic televison. 
tor of color television at NBC and playe 


was placed in charge of the 


He was 
important part in RCA’s compatible 
television research. In 1954 he was 
moted to vice-president and chief en 
for NBC. During World War II 
directed NBC research and served as a 
sultant to the National Defense Rese 
Fellow of 
Institute of Radio Engineers and a membe 
of the Society of Motion Picture and Tel 
ATE! 
committees on Communications (1946-4 
Aural 


Committee. He was a 


vision Engineers. He served on the 


and Television and 3raadcastin 
Systems (1949-56). 


Samuel Dewey Summers (AM ’37, M 
46), retired consultant of the Navy Research 
Laboratory, died recently. He was a 
native of Hornbeak, Tenn., and was born 
in 1898. He attended Memphis State 
College and received a bachelor of science 
degree in electrical engineering from Tri- 
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State College, Angola, Ind., in 1923. He 
did graduate work at the Massachusetts 
Institute of Technology and the University 
of Michigan, and 
science degree in electrical engineering from 
the University of Maryland. 
an instructor of electrical engineering at 
Iri-State College in 1923-24. 
1931 through 1943, he became a professor 
in this subject. For 3 years of this period 


received a master of 


He served as 


Later, from 


he was head of the electrical engineering 
department. From 1925 1931, 
he was employed as an electrical engineer 
with the Commonwealth and Southern 
Corporation at Jackson, Mich., where he did 
During World War 
II, he served as an electronics officer in the 
Naval 
Research Laboratory as a member of the 
Aviation Electronics Service Unit. He 
Joined the Naval Research Laboratory as a 


through 


electrical design work. 


U.S. Navy and was assigned to tl 


consultant on problems relating to naval 
electrical and applications in 
1945, and served in that capacity until his 


electronic 
retirement in 1955. Mr. Summers was a 
member of the Institute of Radio Engi- 
neers. He served on the following AIEI 
committees: Air 

Chairman 1947-49 
Division (1947-55 


l'ransportation (1947-54, 


General Applications 


Standards (1946-49 
Technical Program (1946-49); Award 

Institute Prizes (1950-52); Safety (1951 
54); and Liaison representative of Standard 


Committee (1953-54 
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Metals Pilot Plant 


Answers New Alloys Needs 


A METALS PILOT PLANT designed to 
bridge the gap between laboratory and com- 
mercial production of new alloys and prox 
esses has been opened by Westinghouse Elec 
tric Corporation at Blairsville, Pa The 
$6 million facility under one roof includes 
virtually all types of metal processing equip- 
ment 

Created to be the final link in the rapidly 
expanding metallurgical developments the 
173,000-square foot plant will help provide 
the new and better alloys that product design 
engineers are now demanding rhe plant 
is designed to process both wrought and cast 
alloys with equipment flexible and large 
enough to permit ac tual manufacturing con- 
In this way, 


ditions, the Blairsville plant is 


more than a pilot plant, and its moderate 
production output will uncover problems that 
can be found only under actual manufactur- 
ing conditions, 

Need for the plant became apparent several 
years ago when it was recognized that the 
key to advanced design in steam and gas 
turbines, nuclear 


generators, transformers, 


power reactors, etc., was the development of 


new metals having better temperature, 


strength, and magnetic characteristics New 
titanium, molybde num, expansion and resist- 


ance alloys show particular promise. 
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As important as the alloys themselves is 
the need for practical commercial processes 
to manufacture these alloys into finished 
products. With this challenge in mind, a 
large portion of Blairsville is engaged in proc- 
essing techniques such as forging, hot and 
cold rolling, heat treating, shell mold and 
investment casting, and powdered metal- 
lurgy. 

In choosing the equipment for the new 
plant, flexibility and multipurpose usefulness 
were stressed. An example is the induction 
vacuum melting installation which can ac- 
commodate heats ranging from 300 to 2,000 
pounds. This installation can be used for 
vacuum casting of large ingots as well as low- 
temperature vacuum annealing of titanium, 

Equipment in the Blairsville plant is larger 
This 
permits the manufacture of specialty metal 
products at competitive costs, thus allowing 


than that found in most pilot plants. 


reasonable loading of tools that normally 
cannot be loaded fully on development work. 
Chis operating policy not only lowers the cost 
of the development work but also provides 
trained operating crews for all the equipment. 

Che plant is situated on a 540-acre tract 
40 miles east of Pittsburgh and has been 
designed to make possible future expansion 
easy. But within the 


room is included 


Of Current Interest 


CO-OPERATION and 
teamwork are shown in 
various stages of shell 
molding operations. Men, 
upper left, pour molten 
metal from induction fur- 
nace. Men, foreground, 
pour from ladles into 


shell molds. 


present facilities for the manufacturing of 
nuclear reactor fuel elements. 

Included in the plant, believed to be the 
largest pilot plant of its type in the country, is 
an 18,000-pound forge hammer and 3 smaller 
ones; a 1,000-ton steam-hydraulic forge press ; 

forge furnaces; 3 induction melting 
furnaces varying in size up to 5,000 pounds; 
a cold-hearth furnace; a 1,000-hp reversing, 
hot-rolling mill; a 500-hp reversing, cold- 
bell type and roller rail box 
type electric furnaces; a shot pouring facil- 
ity; shell mold and lost wax investment cast- 
ing facilities; arc furnaces; and other units. 

Because of the electrical industry’s de- 
pendence upon metals with special mechan- 
ical and electrical properties, Westinghouse 
has long been a pioneer in the development of 
special alloys. High on the list of Blairsville 
projects is further development of these 
alloys, including Discaloy, Refractaloy, K-42- 
B, Hipernik, Hiperco, Hipersil, and Kovar. 

The first three on the list are high-tempera- 
ture alloys for application in gas and steam 
turbines. Here, rotors and blades must 
withstand stresses at extremely high tempera- 
tures and also resist corrosion and remain 
ductile. Hipernik, Hiperco, and Hipersil 
are magnetic alloys used in saturable re- 
actors, magnetic amplifiers, and choke coils. 


rolling mill; 
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Kovar is an expansion alloy used where an airtight 
seal between glass and metal is required, as in elec- 
tronic tubes, glass bulb rectifiers, and x-ray tubes. 

Explaining the importance of these new alloys, it 
was pointed out that 20 years ago steam turbines were 
being built to operate with steam temperatures of about 
800 F and pressures of about 1,200 pounds. New units 
now are being designed for 1,200 degrees and up to 4,000 
pounds pressure. ‘To make these advances, new alloys 
were required. And to go any higher in the tempera- 
ture and pressure scale will require still better alloys. 
Phat is what Blairsville hopes to provide. 

Laboratories and shop areas are air conditioned 
where needed. Offices are ducted for future air con- 
ditioning. The plant is ventilated by high bay window 
vents and 36-inch roof fans. 

The service facilities, such as truck docks, railroad 
siding, water tower, ammonia storage, etc., have 
all been located at one end of the building, freeing 
the other end of the building for possible future ex 
pansion or an additional bay back of the building. 

The roof of the office and laboratory bay is so con- 
structed as to permit the building of a second story, if 
needed. 

Incoming power is supplied by a 15-mile long 25-kv 
line with air break switch and fuses feeding a single 
3,750-kva three-phase 25/4.16-kv transformer. There 
are 10 cubicles of outdoor metal-enclosed switchgear 
containing metering facilities and all 4.16-kv breakers 
feeding underground cable to the boiler house, where 
the lines are carried overhead in messenger-supported 
armored cable. The 4.16 kv is a radial system with 
two feeders to the six 500-kva 480-volt power centers. 
The power centers feed a 480-volt plug-in bus duct 
network with network protectors. ‘The other 4.16-kv 
feeders supply individual loads (125-hp fire pump, 
rolling mill motor-generator sets, high frequency in- 


* 
s 


~~ 


Above: This reversible hot rolling mill is designed to roll slabs of thicknesses 
up to 8 inches to a thickness of 0.090 inch. An integral roller hearth furnace 
reheats and holds down the temperature. Two coiler furnaces, 18 feet from 
the center line of the mill are designed to hold the material temperature 
during strip rolling. The maximum temperature is 2,000 F. Top right: The 





18,000-pound forge hammer descends on an ingot held by an Autofloor manipu- 
lator. The hammer is designed for both open and closed die work, and 
can handle ingots weighing up to 6,000 pounds each. A workman is shown 
holding a hard steel gauge which limits hammer travel. Bottom right: This 
induction vacuum melting installation accommodates heats from 300 to 2,000 
pounds. The melting installation can be used for making vacuum castings of 
large ingots as well as for the low temperature annealing of titanium. Roughing 
and final pumps lower the pressure to 10 microns. 
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duction furnace motor-generator set, cold 
hearth furnace, etc.). 

A separate 8-kv line provides emergency 
lighting in the plant, 

The office lighting is instant start fluores- 
cent continuous units, while the shop is 
lighted by high bay mercury millites. 

Two 15,000 pound per hour gas-fired 
boilers provide steam for process and heating 
and 150-psi steam is maintained in the high 
pressure line mainly for operation of forge 
hammers. The exhaust from the hammers is 
fed into the low pressure system (10 psi) and 
used for the heating system. 

Water for the plant is supplied from 3 wells 
which together produce about 150 gallons 
Water is pumped into a 250,000- 
gallon water tower and a spray pond. All 


a minute, 


cooling water for the plant is pumped from 
the pond and returned 
rhe 


applications where clean water is required 


through spray 


nozzles. water tower is used for 
and as a standby supply in case of power 
failure. 


Both the tower and the pond can be drawn 


down for shop use to only one-half capacity 
in order to reserve a supply for fire protection. 

Two 400-cfm 100-psi rotary type compres- 
sors are also in use. 

A sprinkler system protects all of the office 
area and about 50% of the shop area. 

Ammonia from an outdoor storage tank is 
piped into the plant to a gas generator and 
the heat-treating furnace. There is also a 
standby hydrogen system for the heat-treating 
furnace. 

A specially designed and segregated area 
provides equipment for the melting and fab- 
rication of uranium alloys for nuclear fuel 
elements. Arc-casting furnaces embodying 
unique design innovations will be used to 
explore improved melting procedures for 
zirconium, titanium, and molybdenum alloys, 
Improved methods for manufacturing fuel 
elements are expected to lower the present 
high costs of this important component of the 
nuclear reactor. 

Westinghouse feels that many of the mate- 
rials essential to continued rapid growth will 
flow from this new facility. 


Nuclear Congress and Exposition 


Show Peacetime Uses 


THE Nuclear and 
Congress, in conjunction with the Interna- 
tional Atomic Exposition, was held Decem- 
ber 12-15, 1955, at the Public Auditorium 
Ohio. The Congress 
> > , 9 > : %e > ; = ; 
sponsored by 26 of the nation’s leading engi- 


Engineering Science 


in Cleveland, was 
neering and scientific societies, and was co- 
ordinated by the Engineers Joint Council. 
Che Exposition was under the sponsorship of 
the American Institute of Chemical Engi- 


of Atomic Power 


neers. Local arrangements were handled by 
the Cleveland Engineering Society in co- 
operation with the Cleveland Technical 
Societies Council. More than 3,000 engi- 
and scientists were in attendance at 
the various sessions. 

The keynote speaker at the All-Congress 
Dinner, held at the Hotel Statler on Decem- 
ber 14, was Rear Admiral Lewis L. Strauss, 
chairman of the Atomic Energy Commis- 


neers 


MODEL of the 180,000-kilowatt atomic power plant to be constructed by the General 
Electric Company near Chicago, Ill., for the Commonwealth Edison Company was a part of 
the Generol Electric exhibit at the International Atomic Exposition, held at the Public 
Auditorium, Cleveland, Ohio, December 10-16, 1955. 
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sion. Admiral Strauss carried the following 


message from President Eisenhower. 


“To the Nuclear Engineering and Science 
Congress: 

“To the inception of what we now call 
the Atomic Age many of you contributed, 
In Cleveland, as at Geneva last summer, you 
are now talking about the peacetime uses of 
the atom. The fact that so many are pres- 
ent for your Congress, representing such 
diverse fields of our industrial economy is, 
I think, ample demonstration to our people 
of the increasingly widespread importance of 
the atom in our lives. 

“Since the day, 13 years ago this month 
when the release of atomic energy was first 
controlled, enormous strides have been 
made in its use. By 1965, I am told, peace- 
time atomic energy will represent an invest- 
ment of many hundreds of millions of dol- 
lars. Future expansion will depend on how 
well we are able to add more scientific and 
engineering brain power to our engineering 
force in order to make a more productive 
atomic future possible. 

**Educators and hundreds of others deeply 
interested in our met earlier this 
month in Washington to consider the prob- 
lems of education. One of the major sub- 
jects considered was the increase of interest 
among our young people in the admittedly 
difficult science and engineering fields. In 
addition to your mission as the architects of 
the Atomic Age, I believe each of you can 
add to that task the job of helping to sell 
your profession to the youngsters of our 
nation. 


schools 


“The better life for everyone, which we 
contemplate as a result of the peaceful 
application of the atom, I am convinced, is 
in good hands. What we need is more hands 
like yours.” . 


The chairman of the Atomic Energy Com- 
mission continued with the prediction that 
the new source of energy would rival that of 
the sun. It was also warned that an inter- 
national race is on to catch the “big idea” 
for the controlled fusion of heavy hydrogen 
nuclei, seawater being an abundant source, 

He stressed that a shortage of engineers 
and scientists might well threaten the liberty 
of the United States and that of the free 
world. Technological domination of the 
world is the goal of the Soviets as demon- 
strated by their embarkation upon an 
ambitious scientific educational program, 
although scientists are already well 
trained in atomic energy. 


their 


It was also pointed out that the limitless 
bounty of atomic energy can be sensed from 
the impressive displays at the Exposition and 
virtually every field that contributes to life, 
liberty, and the pursuit of happiness is 
represented, 

Admiral Strauss also stated, ‘““The fact is 
that as a nation, we face a mounting short- 
age of skilled manpower—a shortage which 
involves every field of science and engineer- 
ing, and one that is particularly serious in the 
field of nuclear technology since the nuclear 
art depends upon practically all the many 
specialized skills of science and engineer- 
ing.” 

It was brought out, too, that the day 
would come, though not for years, when a 
way would be found to produce nuclear 
power by harnessing the same energy release 
that we assume is taking place in the sun— 
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the process of the controlled fusion of light 
nuclei, And, unless we have the scientists 
and engineers in quality and numbers, the 
free world could lose the race. 

Atomic progress—whether maintaining 
the advantage of our head start or falling 
rapidly behind—will be determined by the 
numbers of young people who study science 
and mathematics in high school and who go 
on to college to become scientists and engi- 
neers whose knowledge is then directed to 
the field of atomic energy. 

A projection for the country’s needs 20 
years from now indicates the need for at 
least 23,000 engineers and scientists in the 
field of civilian atomic power, or nearly 5 
times the present number. With the addi- 
tion of the military needs, the figure is 
increased to more than 30,000. This 
would demand training 1,500 men and 
women per year as against less than 500, the 
present training figure. 

The Atomic Energy Commission is cog- 
nizant of the emergency and is seeking a 
means of re-educating adult scientists and 
engineers. For in any long-range planning, 
the sources of supply are the colleges and 
universities, and few of the schools are pre- 
pared (although well aware of the need) to 
contribute substantially to alleviating the 
present and near future shortage. 

Admiral Strauss cited a quotation from a 
speech by Deputy Premier Kaganovich of 
the Soviet Union in which was stated the 
ultimate goal of that country “*. . . the victory 
of Communism.” This goal, if attained, 
is defeat for Freedom. The expressed belief 
of the chairman of the Atomic Energy Com- 
mission is that ‘‘All of our blessings, even our 
freedom, could be endangered for want of 
enough trained minds. In this age of 
technology, our first line of defense is 
entrenched in our skill and our ingenuity and 
our basic knowledge.” 


Technical Sessions 


More than 200 papers from the various 
sponsoring societies were presented at the 
50 technical sessions conducted throughout 
the week at the Public Auditorium. AIEE 
contributed the following 13 papers: 

“A Control System for Research-Type 
Nuclear Reactors” by E. T. Davis, V. S. 
Underkoffler, and R. N. Brey of Leeds and 
Northrup Company, Philadelphia, Pa., in 
which an industrial-type control system and 
its application to nuclear reactor control 
are discussed. 

“Hanford Reactor Instrumentation” by 
E. See Day, Jr., General Electric Company, 
Richland, Wash., which gives a_ physical 
description of a Hanford-type reactor, 
together with a brief description of cen- 
tralized-control philosophy and the classi- 
fication of reactor-instrumentation systems 
and methods used in power level control. 

“A Dual-Function System for Gamma 
Radiation Measurement” by M. B. Leboeuf, 
of General Electric Company, Schenectady, 
N. Y., and R. E. Connally and L. F. Miller 
of General Electric Company, Richland, 
Wash., describing a system which gauges the 
effectiveness of chemical operations in an 
atomic refinery by measuring radiation com- 
ing from process solutions. 

‘Reactor Instrumentation at Chalk River” 
by Albert Pearson of Atomic Energy of 
Canada, Ltd., Chalk River, Ont., outlining 
the principles behind the instrumentation 
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program for the new reactor at Chalk River, 
A brief description of several instruments 
illustrates the advantages of the elimination 
of many thermionic tubes by cold-cathode 
trigger tubes and magnetic amplifiers. 

“Dynamics and Control of Nuclear Power 
Plants” by A. B. Van Rennes, J. C. Simons, 
Jr., and T. S. Gray of Massachusetts Insti- 
tute of Technology, Cambridge, Mass., 
which includes a study of the steady-state 
energy flow pattern as well as the dynamic 
behavior in a nuclear power plant. 

“The Control of Heavy-Water Moderated 
Massive Fuel Reactors” by E. Siddall of 
Atomic Energy of Canada, Ltd., Chalk 
River, Ont., which discusses the characteris- 
tics of this type of reactor affecting methods 
of control, causes of variation in inherent 
reactivity, and methods of altering the net 
reactivity. 

“Power and Temperature Control of 
Pressurized Water-Cooled Reactors” by W. 
H. Hamilton, J. N. Grace, O. R. Meyer, 
and N. E. Wilson of Westinghouse Electric 
Corporation, Pittsburgh, Pa., describing con- 
trol requirements for pressurized reactors for 
central station plants and for ship propul- 
sion. 

**A Nuclear Reactor Simulator for Teach- 
ing Purposes” by L. Orr, W. Kerr, and H. J. 
Gomberg of the University of Michigan, 
Ann Arbor, Mich., covering the design and 
operation of a portable electronic nuclear 
reactor simulator suitable for teaching the 
principles and problems involved in nuclear 
engineering. 

“The Use of Computers To Determine 
Time-Dependent Fission Product Distri- 
bution” by J. V. Nehemias, R. C. Dennis, 
J. G. Lewis, and H. A. Ohlgren of the 
University of Michigan, Ann Arbor, Mich., 
which presents the assumptions, methods, 
and summary results of calculations 
employed to estimate the time-dependent 
radiation characteristics of fission-product 
nuclides produced in the operation of a 500- 
megawatt (heat) nuclear reactor. 

“Economic Power Fueling without U-235 
Enrichment” by W. B. Lewis of Atomic 
Energy of Canada, Ltd., Chalk River, Ont., 
describing how it is possible for total power 
reactor fuel costs of less than 1 mill per 
electrical kwhr generated to be achieved 
from a make-up of only natural uranium, 
without using U-235 enriched fuel 

**Machine Sources of Ionizing Energy for 
Science, Medicine, and Industry’’ by J. G. 
Trump of Massachusetts Institute of Tech- 
nology, Cambridge, Mass., a discussion of 
the operating characteristics and principles 
of machine acce'erators of both electrostatic 
and electromagnetic types. Typical appli- 
cations in nuclear research, treatment of 
disease, sterilization of drugs, and preserva- 
tion of food are outlined. 

‘A 25-Billion Electron-Volt Proton Syn- 
chrotron” by Martin Plotkin of Brookhaven 
National Laboratory, Upton, N. Y., describ- 
ing a proton accelerator which will achieve 
an energy of 25 billion electron volts, now 
being constructed at Brookhaven. It utilizes 
the relatively new principle of alternating 
gradient strong focusing magnet sections to 
guide the particles. 

**The Bevatron Magnet Pulse-Timing Sys- 
tem” by W. C. Struven of the University of 
California, Berkeley, Calif., a discussion of 
the University of California bevetron mag- 
net-pulsing system, which provides a means 
of adjusting the pulse-repetition rate and the 
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Future Meetings of Other 
Societies 


The Institute of Radio Engineers, National 
Symposium on Microwave Techniques, Febru- 
ary 2-3, University of Pennsylvania, Philadel- 
phia, Pa 

8th Annual Industrial Engineering Institute, 
Practical Developments and Application of 
Industrial Engineering and Management, 
February 3-4, simultaneously University of 
California, Los Angeles, and University of 
California, Berkeley 

Western Winter Radio-Television and Appli- 
ance Market, division of Western Home Goods 
Market, February 6-10, Western Merchandise 
Mart, San Francisco, Calif 


1ith Annual Society of the Plastics Industry 
Conference, Reinforced Plastics Division, Feb- 
ruary 7-9, Hotel Chalfonte-Haddon Hall, 
Atlantic City, N. J. 

Pennsylvania Electric Association, Ele 
Engineering Committee, Winter Meeting, 
February 9-10, Penn Harris Hotel, Harrisburg, 
Pa. 


ASCE National Winter Convention, spon- 
sored by Texas Section. February 13-17 
Baker Hotel, Dallas, Tex 

Systems Operation Committee Winter Meet- 
ing, Pennsylvania Electric Association, February 
16-17, Hotel Statler, New York, N. Y 


Annual Spring Meeting, National Society of 
Professional Engineers, February 17-18, May- 
flower Hotel, Washington, D. C 

American Institute of Mining and Metal- 
lurgical Engineers, Annual Meeting, February 
19-23, Hotel Statler and Hotel New Yorker, 
New York, N. Y. 

12th Annual National Adequate Wiring Con- 
ference, February 23-24, LaSalle Hotel, 
Chicago, Ill. 

Electronics Conference and Exhibit, second 
year, sponsored by American Management 
Association, February 27-29, Hotel Commo- 
dore, New York, N. Y 

American Society for Testing Materials Com- 
mittee Week, February 27-March 2, Hotel 
Statler, Buffalo, N. Y 


Conference on Radio Interference Reduction, 
Armour Research Foundation of Illinois Insti- 
tute of Technology, March 7, Technology 
Center, Chicago, Ill 

Passenger Car, Body and Materials Meeting, 
Society of Automotive Engineers, Inc., March 
6-8, Hotel Statler, Detroit, Mich 

14th Annual Society of the Plastics Industry 
Canadian Conference, March 8-9, Sheraton- 
Brock Hotel, Niagara Falls, Ont., Canada 
National Electrical Manufacturers Associa- 
tion, March 12-16, Edgewater Beach Hotel, 
Chicago, Ill 

National Association of Corrosion Engineers, 
National Conference and Exhibition, Reduction 
of Corrosion Losses, March 12-16, Hotel Statler, 
New York, N. Y. 

Steel Founders’ Society of America, Annual 
Meeting, March 15-16, Drake Hotel, Chicago, 
Tl. 

American Trade Association Executives, 
Washington Conference, March 15-16, Statler 
Hotel, Washington, D. C. 


Regional Reactive Metals Conference, Niagara 
Frontier Section, American Institute of Mining 
and Metallurgical Engineers, March 19-21, 
Buffalo, N. Y. 

Production Meeting and Forum, Society 
Automotive Engineers, March 19-21, H 
Statler, Cleveland, Ohio. 


Fifth Electrical Engineers Exhibition, Earls 
Court, Association of Supervising Electrical 
Engineers, March 20-24, London, S.W.5, 
England. 


Symposium for Management on Applications 
of Analogue Computers, sponsored by Mid- 
west Research Institute, April 10-11, University 
of Kansas City, Mo. 

**Research for Profit’? Conference, sponsored 
by Armour Research Foundation, April 18-20, 
Illinois Institute of Technology campus, Chi- 
cago, Ill. 











pulse length of current flowing in the magnet 
Ihe unit also provides synchronizing pulses 
for the linear accelerator injector, as well as 
various trigger pulses before, during, and 
after the flow of magnet current, 


Exhibits 


Atomik 


more than 100 com- 


The International 
featuring exhibits by 


Exposition, 


panies and organizations, presented the 
newest developments in the application of 
atomic energy to industrial needs. 

4 model of the first atomic-power generat- 
ing station to go into service in the United 
ALCO 


The power plant 


States was exhibited by Products, 
N. ¥ 
scheduled to go into operation early in 
U. S. 


Inc., Schenectady, 


Army’s first 
reacto! It is designed so that its 


1957 and will be the 
I i¢ lear 
components can be transported by air to 
remote locations anywhere in the world. 
Miniaturized nuclear control equipment, 
20 the size of conventional equipment and 
ising only 1/100 the power of existing units, 
Daystrom Instrument 
f Daystrom, Inc., Elizabeth, N. J 


The equipment is for use 


was displayed by 
Division 
with mobile 
actors in atomic submarines and aircraft 
Methods of harnessing the atom for peace- 
time use were described with three-dimen- 
sional working models of nuclear reactors 
for medical, industrial, and power genera- 
tion applications by Atomics International, 
a division of North American Aviation, In« 
Calif. Four 


Exposition 


Los Angeles, models were 


hown at the including two 
vhich describe reactors now in construction 
Atomics International 


One is a model 


f a medical reactor now being built for the 


University of California at the Los Angeles 
Medical Center, where it will be used for 
cancer therapy studies and general research 
in the field. Another 
describes an industrial research reactor to be 


medical model 
completed for the Armour Research Founda- 


tion of Chicago early this year. The reactor 


will be used by Armour for a wide variety of 


Che third 
model is of a “‘pool type”’ research reactor in 


research in the industrial field, 


which the core, or area of the machine wher« 
fission takes place, is located under a pool of 
water. This arrangement will permit the 
research reactor to operate at power levels up 
to 1,000 kilowatts. The model 
represents a sodium graphite power reactor, 


fourth 


showing how heat from nuclear fission can be 
Heat from the 
reactor core is used to produce steam, which 


converted into electricity. 
in turn drives turbogenerators to provide 
electric power. 

\ total of eight operating atomic reactor 
models were displayed by the General Elec- 
Schenectady, N. : 


electromagnetic 


tric Company, 
Inc luded 


model, an actuator for control rods, and four 


were an pump 


reactor models which bubble and glow as 


onlookers manipulate dials on_ special 


panels. The exhibit also included a quick 
review of significant atomic developments by 
means of photo 


displays and accounts 


of historical highlights of atomic progress. 
nuclear 
research program being undertaken at the 
University of Michigan, Ann Arbor, Mich., 
was outlined with charts, photographs, and 
Ihe largest facet of the Michigan 
program is the Phoenix Memorial Project, 


The complex and _ expensive 
models 


which includes a ‘‘swimming pool’’ reactor, 


to cost one million dollars when finished. 


Television Transmitters Erupt 


from Mount Popocatepetl Volcano 


MOUNT POPOCATEPETL, the once ac- 
tive Mexican volcano, is causing a new sti! 
these days—via television 

The 18,800-foot, snow - apped peak is the 
location of the television 


most power! il 


transmitter in Mexico 
stalled by 


a 45-kw station in- 
lelesistemas Mexicanas, S. A., one 
of the largest television companies in Latin 
America 


Ihe station is located some 3,000 feet below 


Highest television 
transmitter in Western 
Hemisphere atop ex- 
tinct volcano gives 


greatest coverage. 
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the volcano’s summit at Paso de Cortez, 
the ancient mountain pass used by Cortez in 
his march to Mexico City. Its coverage is 
the greatest per square mile on the North 
American continent, extending from the Gulf 
of Mexico to the Pacific Ocean. 

Announcement of the installation, which 
is the highest in the Western hemisphere, was 
made by Federal Telecommunication Labo- 
ratories (FTL), Nutley, N. J., U.S.A., re- 
search division of International Telephone 
and Telegraph Corporation (IT&1 The 
equipment was FTL and 
supplied through International Standard 
Electric Corporation, IT&T’s foreign sales 
organization, 


developed by 


The transmitter is used to broadcast pro- 
grams beamed via FTL’s microwave radio 
relay link from Mexico City, some 50 miles 
distant. Programs originate in that capital’s 
ultramodern television center, which main- 
tains its own motion picture studios and in- 
cludes a junior-sized auditorium with furni- 
ture specially designed for the “‘small fry.”’ 

Revues, operas, dramas, and motion 
pictures comprise the major portion of tele- 
cast programs. Also transmitted are sports 
events, with particular emphasis on baseball 
and bull fighting. These and other 
door events are relayed to the studios by 


out- 


remote pickup equipment. 


AEC Special Courses 
and Fellowships Announced 


rhe Special Training Division of the In- 
stitute of Nuclear Studies (ORINS), Oak 
Ridge, announced a revised 
course schedule for 1956 which supersedes 
the one published in October 1955 

The 48th through the 53rd four-week basi 
courses in the techniques of using radioiso- 
topes will be conducted on the 


Tenn., has 


following 
dates: 


48th January 9—Februai 
49th February 6—March 
50th April 16—May 11 
1st May 14-June 8 
»2nd August 6-31 

53rd September 3-28 


['wo-week courses in veterinary radiologi- 


cal health have been scheduled as follows 


10th 
11th 
12th 
13th 


February 27—March 9 
March 12-23 

April 3-14 

June 4-15 


The Division hold advanced 
courses in the use of radioisotopes in hemato- 


logical studies and procedures, May 14-18, 


plans to 


and in general medical research and pro- 
cedures, May 21-25. 


courses are designed for medical personnel 


These two advanced 


who have had experience in the use of radio- 
isotopes, and will be conducted in co-op- 
eration with the ORINS Medical Division 

The Atomic Energy Commission (AEC 
has made available a number of special 
fellowships for the academic year 
in two fields of scientific 
related to the atomic en- 
industrial hygiene and radio- 
logical physics—according to a recent an- 
nouncement by the ORINS, which admin- 
isters the fellowship for the AEC, 


1956-57 
relatively new 
endeavor closely 


ergy program 
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Radiological physics, or health physics, 
is devoted to the prevention of damage to 
life or property from radiation, and in- 
cludes such considerations as the disposal 
of radioactive wastes; 
radiation; 


biological effects of 
the establishment of maximum 
permissible radiation doses; and the inter- 
action of radiation with matter. The rap- 
idly expanding field of industrial hygiene 
includes the study and control both of the 
more common occupational diseases and of 
such other environmental factors affecting 
employee health as radiation, heat, 
and mechanical hazards 
plant or laboratory operations 

Che radiological physics program pro- 


fatigue 


associated with 


vides for an academic year of formal courses 
at one of three universities to which fellows 
may be assigned, followed by transfer to a 
co-operating AE 
tion, where the fellows train for 
three 


corresponding installa- 
approxl- 
health 


The three centers of the program 


mately months in applied 
physics. 
are at the University of Rochester, in co-op- 
eration with Brookhaven National Labora- 
tory; the University of Washington, in 
co-operation with Brookhaven National Lab- 
University of Washington, in 
with the Hanford Works 
and Vanderbilt University, in co-operation 
with Oak Ridge National Laboratory Che 


programs at all three centers will include 


oratory; the 


co-operation 


training in modern physics, radiation biology, 
radiation instrumentation, industrial hygiene 
and toxicology, biology, and research As 


many as 25 fellows may be appointed in 
each of the three programs which are being 
offered 
Industrial hygiene fellows attend either 
Harvard University or the University of 
Pittsburgh 


university 


Course work varies with the 
selected and with the interests 
and undergraduate preparation of the in- 
dividual. All fellows are required to take 
course work in public health and _biosta- 
tistics; electives may include engineering 
health physics, toxicology, industrial medi- 
cine, and related subjects 

Basic AEC fellows is $1,600 


with an additional $350 allowed for spouse 


stipend for 
and $350 for each dependent child. Fellow 
ship awards include payment of normal tu- 
ition and fees required by the university 
and a travel allowance of six cents per mile 
for the fellow (not dependents) from the 
place of application to his assigned university 
Radiological 
allowance for travel between the university 
Industrial 


financially to 


physics fellows receive an 
and the co-operating laboratory. 
hygiene fellows are assisted 
attend the annual meeting of the American 
Industrial 


more years of graduate work or industrial 


Hygiene Association One or 


experience may qualify an industrial hy- 
giene fellow for an additional $200 in the 
basic stipend 

AEC fellowship applicants may designate 
their choice of institutions and, when, pos- 
sible, assignments will be made accordingly, 
although the Oak Ridge Institute of Nuclear 
Studies cannot guarantee compliance with 
Requirements for AEC fellows 
bachelor’s degree in 


the choice 
include a physics, 
chemistry, or engineering, acceptability for 
graduate work at the university to which the 
fellow is assigned, and United States citizen- 
ship; applicants must be under 35 years of 
should 
biophysics, 


fellows 
mathematics, 


age. Radiological physics 


have minors in 


or similar fields (although applicants with 
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other qualifications may be considered in 
special circumstances ). 

Additional application 
blanks for the special fellowships may be 
obtained from the Fellowship Office, Uni- 
versity Relations Division, Oak Ridge In- 
stitute of Nuclear Studies, P. O. Box 117, 
Oak Ridge, 
plications, supporting letters of reference, 
and transcripts must reach the Institute not 
later than March 1, 1956, to ensure consid- 
eration. Appointments will be 
or about March 15, 1956. 

Further information concerning radioiso- 


information and 


Tenn. All completed ap- 


made on 


tope courses may be obtained by writing Dr 
Ralph T. Overman, Special Training Divi- 
sion, Oak Ridge Institute of Nuclear Studies 
P. O. Box 117, Oak Ridge, Tenn 


Exhibition at 
Earls Court, London 


The Fifth Electrical Engineers (A.S.E.F 
Exhibition Ltd. is to be held at Earls Court 
London, S.W. 5, England, March 20-24 
he exhibition is being sponsored by the 
British Electrical Development Association 
the British Allied Manu- 
Association, the Cable Makers 
Association, the Central Electricity Author- 
Women, 
the Electrical Research Association, and the 


Electrical and 


facturers 
ity, the Electrical Association for 


Press, in conjunction with th 


Electrical En- 


Cechnical 
Association of Supervising 
gineers 

Displays by more than 300 manufacturers 
will include the latest in electrical switch and 
distribution equipment, transformers, trunk- 
ing and bus bar installations, cables and wire 
switch and fusegear, switch and plug ac- 
cessories, lighting fittings and lamps, ventila- 
tion equipment, blowers and fans, motors and 
starters, and other electrical and electronic 


developments 


Awards will be given to manufacturers 
presenting the most outstanding domestic 
and industrial exhibits. 

For additional information on floor space 
and the program for overseas visitors, con- 
tact P. A. Thorogood, General Manage: 
Electrical Engineers’ (A.S.E.} Exhibitior 
Ltd., 23 Bloomsbury Sq., London, W. ¢ 
England 


Polio Vaccine Virus 
Killing Device Developed 


Development of a highly effective devi 
for killing virus in vaccine production has 
been revealed by General Motors Corpora- 
tion (GM), New York, N. Y 

The device, an ingenious mechanical 
sterilizer, is now being used experimentally 
in an effort to produce a more potent and 
completely safe 


pharmaceutical company has installed fou 


polio vaccine. A_ large 
of these purifying units and is carrying out 
extensive studies on polio vaccine with them 
Engineers of the GM research staff com- 
bined their efforts with medical scientists from 
the Michael Reese Research Foundation 
(MRF) of Chicago, Ill., in developing the 
blood-plasma vaccine sterilizer known as tl 
**Centri-Filmer.” 
The Centri-Filmer 
into a microscopically thin film—one ten- 


spins liquid vaccine 


thousandths of an inch or one-twentieth the 
thickness of a human hair—so that any virus 
or bacteria in the liquid can be killed in a 
“bath” of ultraviolet light. 

The device was started in 1948. During 
the seven-year unpublicized, detailed, and 
co-operative effort of the medical scientists 
and GM Centri-Filmer 


underwent three major “model” changes 


researchers, the 


[he vase-like cup in which the filmer spins 
was redesigned at least 12 times to achieve 


medically satisfactory results 


THE MEDICAL-INDUSTRIAL RESEARCH TEAM that developed a purifying device, proved 
highly effective for killing virus in vaccine production, is shown with the “Centri-Filmer.” 


Left to right: 


Dr. Franz Oppenheimer, Michael Reese Foundation; 


Thomas C. VanDer- 


grift, director, Special Problems Department, General Motors Research Staff; and Egon 


Benesi, senior research engineer, GM Research Staff. 
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Michael Reese Foundation scientists had 
the basic idea for the device, while mechan- 
ical and design problems for meeting its 
closely controlled medical specifications were 
assumed by the GM research staff. 

General Motors research staff’s technicians 
have produced 19 of the purifying devices for 
the MRF, which has distributed them to 
hospitals and pharmaceutical units. 

The device has been used for: 


1. Purification of more than a half million 
pints of blood plasma. One of the serious 
medical problems with untreated blood 
plasma, learned during World War II, is 
that it can contain an infectious virus causing 
a type of jaundice which results in serious 
illness. 
from plasma processed 
Filmer. 

2. Purification of ACTH, used in treat- 
ment of rheumatic 
allergic eye and skin conditions. 
device demonstrated its ability to sterilize 
ACTH without reducing its potency. 

3. Sterilization of a serum that finally 


No such cases have been reported 
with the Centri- 


arthritis and many 


The new 


wiped out hoof and mouth disease in an 
epidemic of that disease in Mexico which 
threatened to spread to the United States. 
4. Purification of a rabies vaccine of 
greater potency than had ever been available 
before, according to an expert committee of 
the World Health Organization. The 
I\linois State Health Department Laboratory 
used one of the first Centri-Filmers built to 


accomplish this medical objective. 


Although the principle of using ultra- 
violet light to kill viruses and bacteria dates 
back to the beginning of the century, the 
problem of a mechanical device to expose 
every particle of liquid to the same amount of 
ultraviolet energy was unsolved. 

What medical needed was a 
vibrationless 


science 


mechanism that could spin 


liquid into such a uniform and microscop- 
ically thin film that no virus would be able to 
“hide”? beneath another and thus escape the 
ultraviolet’s killing rays. 

Using techniques developed in balancing 
of automotive engines and other revolving 
parts, GM research staff engineers designed 
a perfectly balanced 15-inch vase-like cup 
which is spun by an accurately controlled 
electric motor drive. 

Sterilizing action is accomplished by 
tubular quartz lamps that irradiate the film 
from inside the cup. As the film of liquid 
rises along the walls of the cup from centrif- 
ugal force of the spinning action, it leaves 
the cup at the top rim and is drawn off by a 
specially designed collector. 

Control of the entire mechanism is 
extremely important because a_ precise 
amount of ultraviolet is necessary to destroy 
virulence of bacteria or viruses, and still 
leave the vaccines potent enough to activate 
production of antibodies when the final 
vaccine is introduced into the human 
system. 

Medical experts believe that in the future 
many new vaccines will become possible 
because of the Centri-Filmer development. 
Among those now under experimentation are 
common cold, mumps, 
measles, tuberculosis, and vaccines against 
the viruses that cause shingles and other nerve 


vaccines for the 


diseases. 


First Test of 
Smallest ‘Atom Smasher’”’ 


Radioactivity well logging was pushed 
several strides closer to positive identification 
and location of oil-bearing formations re- 
cently by the first successful test of the world’s 


JAMES A. COOLEY of Well Surveys, Inc., Tulsa, Okla., assembles world's smallest “atom 
smasher” at well head. Miniature neutron generator used in well logging studies was de- 
veloped and constructed by High Voltage Engineering Corporation, Cambridge, Mass. 
Instrumentation used was designed by scientists and engineers at Well Surveys. 
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smallest ‘‘atom smasher” by Well Surveys, 
Inc., Tulsa, Okla. an affiliate of Lane-Wells 
Company, one of the Dresser Industries. 
Perfection of the miniature high energy 
source is one step in the application of atomic 
energy to oil field problems begun by the 
company nearly 20 years ago. 

This unique neutron generator, incor- 
porated in a standard 35/s inch well logging 
assembly, is itself only 3 inches in diameter 
and 47 inches long, yet has been developed 
to provide the most intensive beam of neu- 
trons ever used in a well. The device 
actually is a miniature version of a Van de 
Graaff particle accelerator, a large radiation- 
generating machine long used for physics 
research, cancer therapy, and more recently 
for chemical processing and sterilization. 

The “baby” accelerator was developed 
and constructed for Well Surveys by High 
Voltage Engineering Corporation, Cam- 
bridge, Mass., designer and builder of par- 
ticle accelerators. The complex instrumen- 
tation used with the neutron source was de- 
veloped by Well Surveys’ scientists and 
engineers. 

Neutrons, travelling at extremely high 
speeds, penetrate the earth’s formations 
surrounding a bore-hole and cause various 
nuclear reactions in the material encountered. 
These reactions, in turn, yield atomic par- 
ticles and rays which can be identified and 
measured by sensitive radiation detection 
equipment which accompanies the acceler- 
ator down the hole. 

The resulting information, transmitted 
to the surface and recorded, when correlated 
with the results of neutron radiation research 
performed with the large half-million-volt 
accelerator in the laboratories, will be ex- 
tremely useful in the identification and eval- 
uation of formation constituents. 

Successful completion of the device is 
the culmination of many years’ intensive 
effort in the uses of subnuclear particles and 
radiation in oil exploration. Exhaustive 
study of the problems involved and extensive 
discussion with High Voltage scientists 
decided the utilization of a unique joint 
technical effort toward this goal of perfecting 
equipment small enough and reliable enough 
to meet well-logging demands in the oil 
industry, as opposed to a step-by-step de- 
velopment. 

Preliminary tests have already been run 
in the Well Surveys, Inc., test well at 
Tulsa. An intensive test program for both 
the neutron source and accompanying in- 
strumentation will be accelerated through 
the coming months, 


Largest Lathe 
Installed for Future Jobs 


One of the biggest lathes in the world— 
144-inch swing and 55 feet between centers— 
has been installed in the General Electric 
Company’s (GE) large motor and generator 
department, Schenectady, N. Y. 

The Betts-Bridgeford lathe was built by 
the Consolidated Machine Tool Corpora- 
tion, Rochester, N. Y., a division of the 
Farrel-Birmingham Company, and _ cost 
GE “. . . about half a million dollars.” 

The new tool is part of the expansion and 
modernization program, designed to equip 
the department to meet the expected pro- 
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duction needs of the next 10 years, and 
beyond. The company expects demand 
for electrical equipment to double before 
the decade is over. 

Looking to the future, GE ordered a lathe 
bigger than needed for any job now under 
way, foreseeing a demand for ever bigger 
hydraulic turbine-driven generators, direct- 
current motors, flywheels, and other rotating 
equipment for utilities and industry. 

Feature of the new tool that will be needed 
soonest is the 144” swing. GE design 
engineers were previously limited by the 
120” swing of the shop’s largest lathe. 

The new lathe’s tracks, bearings, drives, 
and controls are designed for precision. 

The live tailstock quill center is accurate 
to a total indicated runout of 0.0005 inch. 
All-electronic longitudinal and cross feeds 
permit feed setting at any increment from 
0.002 inch to 0.75 inch per spindle revolution. 
The machine can carry jobs weighing up 
to 200 tons at speeds ranging from one half 
to 40 rpm. Centers alone will carry 200- 
ton loads at slow speed. 

Bedways and carriage ways are of hardened 
steel, ground and polished. Renewable 
bronze liners are provided on both mating 
surfaces of the carriage cross slide and on 
the top mating surfaces of the auxiliary top 
slide and the swivel. ‘Tailstock bearings 
and carriage apron shoe bearings are bronze. 

An adjustable panel beside the operator’s 
platform on the carriage contains pushbutton 
controls for starting and stopping, spindle 
speed regulation, and adjusting speed and 
direction of tool travel. 

Automatic limit switches at the ends of 
all travel ways prevent overtravel. 

Main drive is a GE adjustable-speed direct- 
current motor, 150/200 hp, dripproof, 
blower ventilated, and rated for continuous 
use from 60 to 300 rpm at constant torque 
and 300 to 1,200 rpm at constant hp. 

A motor generator set provides 540 amps 
at 230 volts, dc, from 3-phase, 60-cycle, 
ac line current at 200 amps, 550 volts. 

Nine other motors, ranging down to 
1/4 hp, power the various carriage and tail- 
stock drives, blowers, lubricant pumps, and 
a chip conveyor. 

Chips drop to a shake-type conveyor 
between the bedways, and then travel past 
the tailstock to an elevator that empties 
them into waste bins. 

The cast iron faceplate, 10 feet in diameter 
and weighing (with its shaft) about 20 tons, 
is so finely balanced and lubricated that a 
man can turn it by hand. 


Joint Fellowships in 
Systems Engineering Announced 


Fellowships in systems engineering for the 
academic year 1956-1957 have been an- 
nounced by the Ramo-Wooldridge Corpora- 
tion in co-operation with the California 
Institute of Technology and the Massachu- 
setts Institute of Technology. 

The program for each Fellow covers a 12- 
month period and will provide the recipient 
with an opportunity to pursue a broad course 
of fundamental study as well as an oppor- 
tunity to associate and work with successful 
engineers and physicists in the field of systems 
engineering which include the techniques 
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and practice of operations research. The 
growing need in modern industry is for 
individuals trained to attack and 
advanced design problems involving the 
complex relationship between electrical, 
mechanical, aeronautical, and chemical por- 


solve 


tions of complete systems. 

The award winners will be expected to 
begin the year’s program in July 1956, with 
about 8 to 10 weeks of advanced develop- 
ment work at Ramo-Wooldridge. The 
remainder of the time will be spent at the 
California Institute of Technology or Mas- 
sachusetts Institute of Technology working 
toward a Doctor’s degree or in post doctoral 
study. 

The full-time course of study will include a 
wide selection of fundamental courses in 
mathematics, physics, applied mechanics, 
aeronautics, electrical engineering, mechan- 
ical engineering, and industrial management, 
as well as special courses aimed specifically 
at bringing the systems engineering objective 
into sharper and more direct focus. 

The work would be directed toward the 
Ph.D. or Sc.D. engineering 
science, aeronautics, physics, electrical en- 


degree in 


gineering, mechanical engineering, or in 

other appropriate designations, as offered by 

each institution. 
Each fellow will receive a cash award of 


$2,000, or more, depending on family 


responsibilities, plus a salary of about 
$2,000 for summer and part-time work at the 
Ramo-Wooldridge Corporation. A_ grant 
of $2,100 for each Fellowship will go to the 
institute involved, covering tuition and re- 
search expenses. 

Any United States citizen is eligible whose 
qualifications and background will admit 
him to the graduate school either of Cali- 
fornia Institute of Technology or Massachu- 
setts Institute of Technology, and who has 
completed one year of graduate study in 
mathematics, engineering or science, before 
the beginning date of the Fellowship. 

Application may be obtained by writing 
to The Ramo-Wooldridge Fellowship Com- 
mittee, The Ramo-Wooldridge Corporation, 
8820 Bellanca Avenue, Los Angeles 45, 
California. 


Beryllium Used in 
Lamps for Outdoor Settings 


An Ovalite luminaire manufactured by 
the Line Material Company (L-M), Mil- 
waukee, Wis., for outdoor installations where 
wide distribution patterns of high light in- 
tensity are needed, is equipped with a 
service-safe disconnecting socket—the socket 
is removed automatically from the electrical 
circuit when the lamp is opened and the bulb 
placed in an easily accessible position for re- 
placement. 

There is no arcing, even though the socket 
is withdrawn while the lamp is energized. 
This feature is available in both the series 
and multiple circuit luminaires. 

In the series type luminaire, when the 
glassware assembly is being hinged closed, 
a make-before-break action occurs. The 
socket is shunted while the bayonet blade is 
being inserted into the receptacle contacts to 
prevent arcing. 
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[he receptacle contacts are made of silver- 
plated “Berylco” brand beryllium copper, 
selected by L-M engineers because beryllium 
copper retains its excellent spring charac- 
yield 
Since 


teristics, such as good tensile and 
strength, even at high temperatures 

the contacts are directly in contact with the 
lamp socket within a closed space, the tem- 
peratures are often sufficiently high to cause 
contact strength 
*‘Berylco” beryllium copper was also specified 
because it is noncorrosive, and in this case, 


some materials to lose 


the beryllium copper strip supplied needed 
no heat treatment by the fabricator. 


Doctors and Engineers 
Study Bone and Metal Splints 


Two Yale faculty members, one a medical 
authority on bones and the second an engi- 
neering expert, have joined forces in an 
unique study of “‘bone engineering.” 

Under the direction of Dr. Charles O. 
Bechtol, Associate Professor of Orthopedic 
Surgery at the Yale School of Medicine, the 
research work is aimed toward defining the 
characteristics of bone. Eventual goal is the 
perfecting of a bone splint for the healing of 
severe fractures. 

From the Yale School of Engineering, the 
project has drawn Henry A. Lepper, Jr., 
Associate Professor of Civil Engineering, to 
handle the technological side of the experi- 
ments. 

The materials used in studying the prob- 
lem of splints are bone and metal, which 
must be understood thoroughly. Bone splints 
in use today are made of either vitallium or 
stainless steel, and are fastened to bones by 
means of screws inserted in holes which have 
been drilled into the bone on opposite sides 
of the fracture. 

But, few doctors are convinced of the com- 
plete success of this type of operation, ac- 
cording to Dr. Bechtol. It has been found 
in the engineering lab that drilling holes in 
bones reduces strength by as much as one 
third. 

Supported by a grant from the 
Prange Foundation, the study of “ 
“whys” of bone and of metal behavior is 
In the laboratory of the Civil 


Erdle- 


hows” and 


being made. 
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re sub- 
nd tests, then 
bjected to the same tests again 
the inherent strengths and 
| engineers 
ve ilso found th nv bone is 
strong enough fol particular 
is extremely diffi to design 
i bone splint which can absorb 
esses as the bor to which it is 
For example i person standing 
imposes on the corresponding hip 
ght two and a half times his body 
the person of a 200 pound man 
his right f a weight of 500 
nposed on his right hip This is 


body engineering’ with vari- 


ctions between tl bones and 
body 

found, too, that the bones of 
i safety factor of about 30. 
of 30 means that the bones of 
ithstand pressures 30 times those 
mal use, and that designing and 
ghtweight brace with the same 
is not an easy task 

emarkable st 


Yale doctor 


et you tamper with them 


says the 


nt Sut even with their re- 


narkable economy Oo design bones 


i l west where the pres- 
By the nature 
bones pose engi- 
problems of no small scale. Bone 
of flexi- 

Beyond that point 
brittle 


fortunately 
> greatest 


ibstance, however 


has an amazing amount 
to a point 
xceedingly Chen too, if 
constricting pressu are 


applied 


t disintegrates in a very short 


Thus, any type of splint must be applied 
only on one side of the bone—and this of 
ourse increases the difficulty of designing 
splints that are strong enough to provide the 
needed support, yet light enough to avoid 


< 


TRACKING AN AERIAL TARGET (above), the Sperry Mark 63 gunfire control system 
foreground, supplies an automatically computed lead angle for the three-inch guns 


in the background. 


Action took place at Fleet Training Center, Newport, R. | 


GUN 


CONTROL "TALKER" (left) maintains contact with gun crew while operator tracks a 
target with Sperry Mark 63 gunfire control system. This Navy system utilizes radar 


data to compute necessary lead angle automatically. 


ompli ations The resort to engineering 


rf 
} 


ielped found, for example, that narrowing 
splint 
weakens it severely. Yet by routing out the 


the center section of a particular 
center section of the same splint, actually 
strengthens it 
[he Yale doctors and engineers have also 
found that if the screws used to fasten the 
splint to the bone are small enough to avoid 
weakening the bone appreciably, they may 
be too small to withstand normal pressures 
on them 
Yet with all attendant puzzles, the problem 
of bone splinting is one that cannot be ignored 
4 


or avoidec 


because bone splints are neces- 


sary on fractures requiring considerable 


length of time to heal Because soft tissues, 


if held motionless for any length of time, are 


subject to permanent stiffness, a fracture of 


the thigh bone may require as much as six 
months to one year to heal completely If 
the entire limb is enclosed in a cast for that 
stiffness is a 


length of time, 


permanent 


definite possibility Thus the bone splint 


for fractured limb which should be used as 
mu¢ h as possible 
Casts probably will always be used for 


some fractures, minor ones, but 


espec ially 
more serious fractures do require bone splints 
} 


for successful healing. Because of the prac- 


tical nature of the problem, the Yale engi- 
neers and doctors have conferred with the 
researc h Screw 


division of the American 


Willimantic 


perienced in 


Company, , Conn., which is ex- 


industrial screw design and 
made a number of experimental screw types 


for the university members 


U. S. Navy Reveals 
Mark 63 Gunfire Control 


First details of the United States Navy’s 
Mark 63 gunfire control system, capable 
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of tracking speedy jet aircraft wit! 


d-IncHh 


and 5-inch naval guns in any weat 
were disclosed today 

Ihe system’s purpose, and extensive op 
erational use by Allied fleets ‘‘for some time,” 
were revealed by announcement of current 
follow-on contracts with the Sperry Gyro- 
scope Company, for further manufacture of 
the director gear. Present production orders 
call for a total of ‘“‘more than $4 million” 
of Mark 63 gunfire control 
spares, for continuing use in combat vessels 
of the United States and Allied fleets 


Jet capability of the Mark 63 system results 


systems and 


from combining newer gunfire controls and 
radars with the gyro-optical tracking prin- 
ciples of World War II gunsights, the Sperry 
Mark 74 and Mark 75. Radar 


and high speed computation, among other 


ranging 
advances, give Mark 63 anti-aircraft bat- 
teries improved accuracy at both low and 
medium altitudes, where modern sonic 
speeds are most difficult to follow, according 
to veteran gunners who are now instructors 
of the Sperry system at Fleet Training Center, 
Newport Naval Base. 

In the present system, visual gyro tracking 
is backstopped with radar for low-visibility 
conditions, while the radar also supplies 
instantaneous range and speed information 
From this data, automatic computers pre- 
dict needed lead angle and elevation, as 
swing the guns in 
Such 
systems were evolved over many years in a 


mechanical “muscles” 
response to the signals received. 
close collaboration of Sperry research with 
technical experts of the Navy’s Bureau of 
Ordnance. 

The history of predecessor equipment, the 
once secret Mark 74 gunsight, dates from 
Pacific combat success of that device in 
October 1942. At Navy 


assisted other major 


request, Sperry 


industries to begin 
manufacture of this critical gear, and before 
the war’s end over 50,000 Mark 74 sights were 
supplied to United States and British naval 
and merchant vessels. When fighting broke 
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out in Korea, early versions of a later 
““Mark 63” system were ready for use by 


the U. S. Navy. 


Electrodes Implanted in 
Brain for Study by Scientist 


Dr. Jose M. R. Delgado, Associate Pro- 
fessor of Physiology and Psychology at the 
Yale School of Medicine, gave his report on 
how implanting very thin electrodes in the 
human brain can serve as a valuable aid in 
the diagnosis of epilepsy at the Eastern 
Association of Electroencephalographers 
meeting at the New York University-Bellevue 
Medical Center, New York, N. Y. With his 
associate, Dr. Hannibal Hamlin, of Provi- 
dence, R.I., Dr 


diagnoses of 


Delgado has made electrode 
eight 
psychomotor epilepsy. 


patients with severe 

Che implanting of the electrodes, a rela- 
tively simple operation, permits the docto1 
to pinpoint with a high degree of accuracy 
those specific areas of the brain with ab- 
normal activity. Once these areas have been 
dentified, surgical treatment can be applied. 

Up to 42 electrodes, thin silver wires 
neasuring only 0.005 inch in diameter, are 
local 


first implanted in the brain under 


anesthesia Ihe presence of the electrodes 
in the brain is not painful nor does it produce 
any disturbances. 

Ihe electrodes are connected by wires to 
special equipment to record the electrical 
activity of the brain. The period of diag- 
nosis may run from two to four days, then the 
electrodes are removed quickly and simply 
according to Dr. Delgado. 

This electrode method is more accurate 
than the regular 
EEG) method, in such diagnosis, the Yale 
scientist said. In the EEG method, the 
electrodes are placed against the scalp 

Implanted 
clearly and accurately those areas of the 


electroencephalography 


electrode recordings show 


brain with abnormal activity. During some 
of the patients 
undergone spontaneous epileptic seizures and 
illustrated the 
unusual brain-wave activity of these seizures. 


diagnoses, actually have 


the recordings graphically 


Ihe recordings also show that there is a 
definite pattern identifying warning symp- 
toms felt by patients during the onset of a 
after the patient 
consciousness following a seizure, the record- 


seizure. Even regains 
ings show that brain activity is still grossly 
disturbed for a brief time. 

[he doctors also have used the implanted 
electrodes in the brain for transmitting very 
mild electrical stimulation to various areas 
in the brain, to study excitability of these 
areas. It was found that in some cases 
stimulation produced illusions in the patients 
in that they heard imaginary voices or saw 


imaginary faces. 


Electric Engineers 


Co-operate for Public Good 

The most far-reaching example of co- 
operation by many top-ranking professional 
engineers for the benefit of industry and the 
public was reported in Ottawa, Ont., 
Canada. The results of this giant co-opera- 
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tive effort, which affects the technical and 
economic utilization of the radio airwaves, 
were examined in detail at the Eleventh 
Annual Meeting of the Canadian Radio 
Technical Planning Board. 

Without parallel in the history of engi- 
neering development in Canada many elec- 
tronic specialists met at this meeting, on an 
entirely voluntary basis, to consider recom- 
mendations made by engineers meeting dur- 
ing the past year, at their own expense, to 
make certain that the radio airwaves, which 
are in the public domain, will provide for the 
rapidly increasing number of radio and allied 
Che results of these deliberations 
will undoubtedly reflect in clearer television 


services. 


reception and better radio listening in the 
homes of Canadians 

[he Canadian Radio Technical Planning 
Board was formed to make recommendations 
to the government and to industry for the 
conservation and efficient use of the radio 
spectrum, or the channels of communication 
by proper forward planning and improved 


design of equipment which will, in turn, pro- 
vide more channels of communication fot 


the public service 


U. S. Army Purchases 
‘*Bizmac”’ for $4 Million 


Purchase by the United States Army of a 
$4-million electronic data-processing system, 
“‘Bizmac,” that converts months of business 
paperwork into minutes of “‘push-button” 
operations was announced today by Frank 
M. Folsom, president, Radio Corporation of 
RCA), and Brig. Gen. Nelson M 
Lynde, Commanding General, U. S. Army 
Ordnance Tank-Automotive Command 
(OTAC), Detroit, Mich. 

Delivery of the 


America 


**Bizmac”’ 
OTAC-Detroit is now under way 
utilized for 


system to 
It will be 
electronic stock control of re- 


placement parts for military combat and 


transport vehicles 
The “Bizmac 


system incorporates ap- 


proximately 200 units of 13 different but 


fully integrated types of electronic equip- 


ment. The system is designed to perform 
electronically most of the voluminous clerical 
procedures involved in OTAC’s world-wide 
With lightning speed 
and accounting accuracy, “Biz 


stock control program. 


1 File on a single reel of 
10'/2 inches in diameter, more than 2.5 million 
characters—or all the information contained 
in approximately 8,500 of OTAC’s parts 
inventory records 


2. Electronically ‘read 
the rate of 10,000 letters o1 
operate at a tape spe d of 8 


second. 


3 Add 


with electronic 


subtract, multipl 


speed, and 
specified information indefinite 


n a few millionths of a second 

4 At a speed of 600 lines a 
OTAC’s inventory procuren 
lations shipping orders 
involved 


arts control program 


iperwol K 


r of the com 


ore memor’, matrix a SMa 


highly reliable assembly of copp 


magnetic washers developed 
Sarnoff Research Center of R¢ 

N. J. Operating as an “electroni 
pad, the high-speed memor 

ber’’ its stored information 

on signal, release it in a fe 


second 


he complete Bizmac 

input devices, for preparing 
formation and instructions int 
storage devices, for filing data v 

te so that it is readily accessible 


mand; processing devices, for ) 


filing information, computing 
ing business arithmetic as dictat 
tions; and output devices 


finished copies of information 


BIZMAC, RCA-developed electronic data-processing system, purchased by U. S. Army for 


$4 million, will do in minutes inventory control procedures now requiring months at Ord- 


nance Tank-Automotive Command, Detroit. 


Arthur L. Malcarney, general manager, Com- 


mercial Electronic Products, RCA, discusses with Brig. Gen. Nelson M. Lynde, Command- 
ing General, OTAC-Detroit, the system's computer which operates unattended; adds, sub 


tracts multiplies, and divides with electronic speed; and “remembers 


stored information 


indefinitely and, on signal, releases it in a few millionths of a second. 
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Automation Meeting and 
Exhibit to Be Held in Paris 


[he French Association of Electronic Engi- 
neers has organized a meeting to be held in 
Paris, France, June 18-24, at which ques- 
tions related to ‘“‘Automatics’’ will be dis- 
cussed. 

The program committee has asked for and 
received the co-operation of many prominent 
French scientists and technicians, as well as 
others from different countries who plan to 
participate in the various sessions scheduled. 

The term “Automatics” is defined, though 
not too clearly, as the science of automatic 
*‘Automation,” on the other 
hand, is the actual application of automatics 
to industrial production. 

Inasmuch as all engineers must eventually 
become 


operation. 


conscious of the importance of 
automation, this congress will try to cover its 
many aspects. 

An exhibition will display the achieve- 
ments in industry to date. 

The meeting will be divided into two 
topical sections. The subject of ‘“Auto- 
matics’ will be discussed in the presentation 
of a Definition of Automatics; Present 
Theoretical Concepts—engineering point of 
view, and electronics point of view; and 
Fields of Application—technical, scientific, 
That of “Automation” will 
be taken up by Relation between Automa- 
tion and Production, which will give a defini- 
tion of ‘‘Automation’”’; Theoretical Bases of 
Automation; The Functional Structure of 
Production ; The Technical 
Structure of Automatic Production; Fields 
of Application; Effects on Production— 
from a technical point of view (productivity, 


and economic. 


Automatic 


quality), from the economic point of view, 
and from the social point of view 
Interested parties should write to: Sec- 
rétariat du l Automatique, 
Chaire de Mécanique, Conservatoire Na- 
tional des Arts et Métiers, 292 Rue Saint- 
Martin, Paris (III 


( ‘olloque sur 


), France. 


Display Previews 
All-Electronic Hotel 


The electronic hotel, in which computers 
applying the principles of so-called mechani- 
cal brains will automatically—and flaw- 
lessly guests, assign rooms, sort 
mail, messages, and prepare bills, 
was foreshadowed recently in the exhibit 
of Minneapolis-Honeywell Regulator Com- 
pany at the American Hotel Association 
convention in New York, N. Y. 

From the time the guest disembarks in 
front of the hotel a host of robot aids will 
operate to speed him to his room. The first 
automatic assist will probably come in the 
form of a built-in conveyor system which 
will transport baggage inside, and later to 
the floor assigned the guest. 

Once the guest is guided into his room by 
the computer-staffed registration desk— 
monitored by a human _ receptionist—his 
comfort will be a matter of button pushing. 
For example, a bedside console will offer an 
array of buttons which will permit auto- 
matic temperature adjustment, whether 
for heating or cooling; remote operation of 


register 
route 
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either radio or television; pushbutton selec- 
tion for the time of the morning call; remote 
operation of all lights; and remote locking 
of door. The console will also collect 
messages, handle phone calls, and give news 
and weather reports. 

It may be feasible to lace the hotel with 
a network of pneumatic tubes used for al- 
most instantaneous delivery of standard 
room-service items such as ice, newspapers, 
and food. 

Elevator service will be automatically 
improved by adoption of new electronically 
controlled elevators geared to traffic flow, 
similar to those now installed in modern 
office skyscrapers. 

The effect of this hotel automation of 
the hotel staff—from room clerk to bellboy— 
will change the nature of their jobs, not 
displace them. In the electronic hotel, 
the primary job of the human will be one 
of supervision and guidance for the auto- 
matic devices, for a hotel would be a pretty 
friendless place without humans to give it 
warmth and a personality, it was pointed out. 


Stanford Offers Electronics 
Fellowships and Assistantships 


Financial assistance in several forms is 
available to well-qualified graduate students 
who wish to work toward higher degrees, 
with a special interest in electronics, by 
Stanford University through its electronics 
research laboratory, radio propagation lab- 
oratory, applied electronics laboratory, and 
microwave laboratory. 

The integrated programs of course work 
are aimed at providing the engineering, 
physics, and mathematics student with a 
broad preparation in fundamentals. 

Application forms and university bulletins 
may be obtained by writing to the Assistant- 
ship Committee, Electrical Engineering 
Dept., Stanford University, Stanford, Calif. 


Industrial Television 
Transmitted via Telephone 


Photographs, printed material, and signa- 
tures were transmitted over 10 miles of 
ordinary telephone lines in the first public 
demonstration of an industrial television 
system which operates without costly video 
pairs, microwave, or coaxial cables. 

The demonstration was staged jointly by 
The Bell Telephone Company of Pennsyl- 
vania, which will offer the industrial tele- 
vision service to customers in metropolitan 
areas, and by the Dage Television Division, 
Thompson Products, Inc., Michigan City, 
Ind., manufacturers of industrial television 
equipment, which developed the system. 

Called Data-Vision, the new television 
system will be used experimentally by the 
Philadelphia National Bank from its office 
at 421 Chestnut Street to its office at 1416 
Chestnut Street. 

Data-Vision makes possible at low cost 
almost instantaneous signature verification 
for branch banking. It has many other 
potential applications in business and in- 
dustry—wherever there is a need to view at 
a distance any type of visual information 
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such as pictures, printed or written material, 
meters, gauges, etc. 

In addition to the banking field, Data- 
Vision may find use in communications 
between outlying industrial plants and mid- 
city offices, transportation and warehouse 
installations, chain stores, hospitals, police 
stations, and other Government offices. 

In the demonstration in Philadelphia’s 
Bellevue-Stratford Hotel, the Data-Vision 
camera and monitor at the sending end 
stood within a few feet of the receiver but 
the material transmitted between them 
travelled 10 miles. 

Developed by Dage during an intensive 
two-year research program, Data-Vision 
employs a slow-scan transmitter which com- 
pletes the picture on the screen within two to 
four seconds. The monitor and receiver 
used Radarvision tubes which hold the 
slowly transmitted image long enough for 
it to be clearly read or photographed. 

The Data-Vision camera—about the size 
of a box camera—picks up any material 
placed before it. The image appears on 
the six- by two-inch viewing screens on the 
monitor and the receiver. 

The important point about Data-Vision 
is the relatively inexpensive medium used to 
transmit the picture information between the 
camera at the originating point and the re- 
ceiver. Ordinary industrial television requires 
the transmission of a band of frequencies 
4-million cycles wide whereas Data-Vision 
requires only an 8,000-cycle bandwidth. 

The equipment demonstrated in Phila- 
delphia is now in production, and will be 
ready for deliveries as soon as field tests are 
completed at the Philadelphia National Bank. 

Some of the goals sought are a brighter 
more detailed picture, elimination of the 
bright scanning line which crosses the screen 
once every two seconds to renew the picture, 
extension of the practical sending range now 
limited to 25 miles (experiments with round- 
trip circuits between Philadelphia and New 
York City have been satisfactory under spe- 
cial conditions). 

Although the screen used in the demon- 
stration is particularly suitable for signature 
identification, other screen sizes will be 
available. Dage now has a model with a 
5!/,- by 4-inch screen. 

Longer circuits may be provided in the 
future, depending upon demand and the 
results of further tests. 


Carnegie Institute Gives 
Graduate Study and Research Aid 


The Carnegie Institute of Technology is 
offering assistantships for teaching and re- 
search, and graduate fellowships for the 
academic year 1956-57, with opportunities 
leading to degrees of master of science and 
doctor of philosophy in chemical engineering, 
chemistry, civil engineering, electrical en- 
gineering, mathematics, mechanical engi- 
neering, metallurgical engineering, and phys- 
ics. 

Applications will be considered from quali- 
fied students who wish to begin or return to 
graduate study in the Fall of 1956. It is 
possible for candidates to apply for forms and 
information by writing to the Dean of Gradu- 
ate Studies, Carnegie Institute of Tech- 
nology, Schenley Park, Pittsburgh, Pa. 
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Unique Design Hill Book Company, Inc., 330 West 42d Street, New -s used to guide missiles 


York 36, N. Y., 1955 )2 pages, 10'/2 by 8 inches, nation drawn entirely from 
Battery Developed bound. $6. One of a series of reports prepared for the fur nental problems; locating 
International Conference on the Peaceful Uses of radio, and acoustic waves; fixing t 
Atomic Energy, this volume includes a brief review of celestial reference; I r 
A new type of battery which gives more the ee ouplpmean aa process initially provided f lving 
: at the aho Chemica -rocessing Plant for uran ered r 
Output per pound was announced by the : = foes pre Apes 
~ : recovery from uranium-aluminum alloy fuels such i overed are related serv« 
Air Research and Development Command those used in the materials-testing reactor and the f flight trajectories, and analogue an 
(ARDC) Headquarters, Baltimore, Md. bulk-shielding reactor. More than five-sixt of the 
Unique in design and construction, the book is devoted to the application, description, and 


. ‘ operation of laboratory equipment for the handling of HUTTE-DES INGENIEUR PASCHENBl 
new silver oxide zinc. battery employs a highly radioactive materials. and to discussion of the Volume I—Theoretische Grundlagen. Edited 


‘*pile’”’ type construction instead of the con- layout of an existing laboratory 
ventional plate type construction. 
Designed by the Raleigh (N.C.) Engineer- DMP—DIMENSIONAL MOTION TIMES. De- 


ing Laboratories of the American Machine velopment and Application. By H. C. Geppinger 
John Wiley & Sons, Inc., 440 Fourth Avenue, New 
York 16, N. Y., 1955. 100 pages, 11 by 8/2 inches, 


prenhensi 


volun 


and Foundry Company under contract 
with ARDC’s Rome (N.Y.) Air Development er. $4. This isa report of a research project und 
Center at Griffiss Air Force Base, the new taken to develop a systematic procedure for analyzing 


type battery will be used for powering spec ial work in terms of motions, and for measuring the work 
1 c . content by predetermined time A 
electronic equipment. , : 

> lated to distances and other 

In pile type construction, each cell is an report includes a summary 

individual battery which prevents inter- system, five tables of data by 

R - e deterr «d. ande - 
cell action due to contact between cells may be determined, and exam} 
through the electrolyte. With this type of 
construction an individual filler hole per EINFUHRUNG IN DIE THEORETISCHE ELEK- 
FROTECHNIK By Karl Kipfmiiller Spring-Ver- 
. a lag, Berlin, fifth edition, 1955 4 pages. 10 by ¢ 
they are capable of shelf storage for months. inches, bound. DM 27.60. TI 


cell is required. In a dry-charged condition 


Ihe dry-charged system is activated man- theoretical electrical engineering 
yrou iw ) u oncept 

ually by a vacuum pump and special reser- ee ee eee 
; hich | ; basic to further study in the 

voir units which have hypodermic type nee- cations, and electronic engineering. Analytical me 


dies for piercing the cell seals. A valve is are illustrated by practical, numerical examples 


tripped automatically to allow the proper 
amount of electrolyte into the battery. This 


I 
procedure insures rapid and complete wetting B 

f 
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LECTRIC POWER STATIONS 


( 
r. H. Carr Cl 


irth edition, 1955. 


of all portions of both the positive and the 


ound. 80s. This sec 
negative elements. 


treatise on the design, construc 


The pile type designs have been construc- electric power stations deals espec 

ted in sizes of 0.1, 3.0, and 12.0 ampere ude the subject-alternators 
, : cabling, and protect 

hours. The latter size shows a yield of over Sepia as wes 
aea with 
QO ampere hours per pound and 5 watt 4s turbine plants 
hours per cubic inch. High efficiency per- atomic, and other 
formances are realized down to 32 F. icating, insulating, and 


ation; and costs 


ELECTRICAL MEASUREMENTS AND MEASUR- 
ING INSTRUMENTS. By E. W. ¢ 


NEW BOOKS Publishing Corporation, 2 West 45th 


19, N. Y., fourth edition, 1955 

51/3 inches, bound. $10 “he theory ( 
The following new books are among those recently extensive range of measuri instruments and methods 
received at the Engineering Societies Library. Un- are comprehensively covered in this book intended for 
less otherwise specified, books listed have been pre- electrical engineers in general and for students pre- 
sented by the publishers. The Institute assumes no paring for certain British examinations. In re- 
responsibility for statements made in the following ision new material is included on illuminat 
summaries, information for which is taken from the voltage measurements, cathode-ray 
prefaces of the books in question. a Place transformations, and other 


n electronic measuring devices t 


THE AUTOMATIC FACTORY—WHAT DOES IT ELECTRONIQUE INDUSTRIELLE E is ? . 
MEAN? (Report of Conference, Margate, | 1955 Editions Evr Hee Paris, 1955. 635 pages, 9 by 6! INSTR MI ‘TS 
The Institute of Production Engineers, London, 1955 : bound. F fr. 5,500. This new eine = INTRO! By 
228 pages, 111/4 by 8!/3 inches, bound. 2 ‘bh . a concise treatment of fundamental elect a : ' . 
papers in this report present a broad review of tl 

technical and human problems of automation, 
particular reference to implications for the British 
Economy. The impact of the automatic factory on 
management, labor, engineering schools, and society 
generally are dealt with in some of the papers; others 
discuss such subjects as automatic transfer machines, 
automatic inspection, computer-c lied machine 
tools, automatic control in the petroleum ; 
automatic linking devices, and automatic selection, 
weighing, and conveying. Descriptions of equipment 


displayed at the conference are included. 


( 


uits and the characteristics of electr 
vacuum and gas-filled The next 
lification methods and t pre n and 
n of electrical signals. The latter t of the book 
leals with specific applications of basic telecommuni 
cation elements in industry high-frequency heating, 
electric cells, servomechanisms, et 
idered are such topics as set 
diffraction, the mass spectrosc 
electron microscope 


ELEKTRONIK DES EINZELELEKTRONS. By AN INTRODUCTION 
. . . Franz Olilendorff. Springer-Verlag, Vienna, 1955 SYSTEM DESIGN. By 
BASIC ELECTROTECHNICS. By B. L. Goodlet 43 bound 3.10 sreen and Comy n 
Edward Arnold Ltd., London (distributed in U. S 
by St. Martin’s Press, Inc., 103 Park Avenue, New York 
17, N. Y.,) second edition, 1955. 277 pages, 8#/« 
by 58/4 inches, bound. $5.25. <A concise presentation 
of basic information on steady and alternating currents, 
electrostatics, electrodynamics, magnetic field calcula- 


pages, 93/« by 63/4 inches, 

textbook for advanced students of phy 

engineering which deals with the “el 

electron 1 l 
magnetostatic 

athode-ray tubes and similar 

also devoted to classical 

tions, transient phenomena, Maxwell’s equations, and ee 

electro magnetic waves. The treatment presupposes a ; 

knowledge of physics, calculus, and the construct 

electrical apparatus, and employs only M.K.S 

ized units. 


to single electrons 
other specialized aspects. 


GUIDANCI By Arthur S 

trand Comry y, Inc., 2 ru 1 Avenue r i INEMAN HANDBO 
N. Y., 1955 ‘ by incl ind curt \ raw-Hil 300k 
CHEMICAL PROCESSING AND EQUIPMENT $12.50. This volu \ 
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PAMPHLETS 


The following recently issued pamphlets may be of 
interest to readers of ‘‘Electrical Engineering.’ All 
inquiries should be addressed to the issuers. 


Wire Up and Live—Electrically. 
entation of the 


\ pres- 
basic facts about adequate 
wiring in a unique new style of words-and- 
graphics Cali¢ d 


‘*scriptography Scriptog- 


raphy has already proved its worth on 
many another tough assignment in the com- 
munications field it is claimed The U. S. 
Army Reserve 
Law and to promote re-enlistments. The 
social Security 


Departinent of 


uses it to explain the new 


Administration and the 
Commerce are 
booklets to 


essages to the 


also using 


scriptograpnhk communicate 


This 


uses a minimum of words 


complicated public 


color 


booKkiet 
and a liberal use of graphics and cartoons. 
Designed as an introduction to the subject, 
the booklet lists other and more compre- 
hensive presentations of the adequate wiring 
story for the home-owner who is interested 
in improving his home wiring The bac 

copy is 


available for imprinting 16 pages 


15¢ each Available in bulk quantities at 
8¢ each for 100 
1,000 to 9,999 and 6¢ 
Order 
Bete Company Inc 


10¢ each for 2 to 99 copies 


to 999 7é¢ each for 


each for 10.000 or from 


more 
Channing L 


field, Mass. 


Green- 


1955 Book of ASTM Standards: 
i—Ferrous Metals. The American So- 
Testing Materials has just issued 
Ferrous Metals of its 1955 Book of 


Standards, 


Part- 


ciety tor 
Part 1 
ASTM 
standards that are new or have been revised 
since the 1954 Supplement was published 
Since 1952, 211 standards are 


new or have been revised 


which contains 125 


a year ago. 
Part 1 contains 
standard and tentative 
methods of test, and 


specifications, 
steel 
bars, 


definitions for 


piping materials; flat products; 


bolts, and rivets; billets, forgings, and axles: 


rails and accessories; railroad wheels; 


springs; concrete reinforcement ; corrosion- 
steels 


resisting steel; 


welding cls ; 


metallic coatings for 


wrought iron; cast iron; 


malleable iron; magnetic materials; ferro 


alloys and metal powders; as well as 


general methods of testing. It is especially 
important in the heavy machinery, railroad 
Materials en- 


gineers, pure hasing agents, and others con- 


and construction industries 
cerned will need the new Part 1 to assure 
their using the latest applicable standards 
Book of 
published by the 


Ihe remaining parts of the 1955 
ASTM Standards will be 


society as rapidly as the editorial and press 
work can be completed, with the last part 
expected off the presses about February 1956. 
Part I contains 1,834 pages with 315 standards. 
Part I which is on Bible type paper with blue 
cloth covers and red backstrap costs $13.50 
per copy. The price of the complete seven- 
part Book of ASTM Standards is 
$84. Available from ASTM Headquarters, 
1916 Race Street, Philadelphia 3, Pa. 


1955 


New Shop Techniques and Devices. 
Shop 


New 
lechniques and Devices, PB111668, 
originated and developed by the Air Force 
Cambridge Research Center to speed com- 
pletion of research projects, are described in 
a report just released to industry through the 
Office of Technical Services, U.S. Depart- 
ment of Commerce. Devices for 
usual performance is claimed 
cylindrical cam and follower designed to 
permit operation of sensitive re- 
cording devices in both forward and reverse 
motion ; 


which 
include a 


smooth 


a space-saving printed circuit for 
transistor power supply; a cable cutting and 
tool, described as compact 
convenient for stripping 


stripping and 
rubber-covered 
coaxial cables without injuring the conduc- 
tors; a small metal slot measuring gauge 
which allows accurate readings in measuring 
material; 


without 


similar 
plastic funnels 
ridges on the inside to collect dust; 


slots in wave-guides or 
specially-formed 
and a 
quick, accurate and inexpensive method for 
cutting fine pitch gears. Details 
of construction and operation of these de- 
vices are given in this illustrated Second 
Annual Report of the Air Force Cambridge 
Research dated December 1954. 
23 pages, 75¢ Available from OTS 
J. S. Department of Commerce, Washington 
25; 1..G. 


worm 


Center 


Electronics Test Equipment Descriptive 


Data Sheet. This 
first released in January 1955, has now been 
enlarged with the publication of the first 
major 


loose-leaf compilation, 


addition and revision 


proximately 700 


totaling ap- 
Data 
over 200 new equipments have been added 


pages. sheets on 
basic set. In- 
index of 
military nomenclatured equipments, a new 


to the 900 covered in the 
cluded in this addition is a new 


classification 
index of com- 


cross reference by functional 
and designation, and a new 

mercial test equipment. The compilation 
is being supplied with a new matching hard- 
back binder, 10 X 11 !/,”, marked ‘Vol. 
IV.” The addition is sold only to holders 
of the basic set and is priced at $35. The 
complete four-volume compilation is $135. 
Further details on request to Carl L. Fred- 
erick and Associates, 4630 


Bethesda 14, Md. 


Montgomery 
Avenue 


The ISCC-NBS Method of Designating 
Colors and a Dictionary of Color Names. 
his circular by Kenneth L. Kelly and Deane 
B. Judd is designed to assist the scientist, 
understand 
the different color vocabularies used in the 


businessman, and layman to 


many fields of art, science, and industry. 
[he dictionary serves not only 
of the meanings of the 
listed, but 
translate 


as a record 
7,500 individual color 
names also enables anyone to 
vocabulary to 
another. For example the dictionary shows 
that Griseo-Viridis Ser- 
pentine Green 


from one color 


(biology) equals 
Mint 

or in ordinary language, a 
light green Che terms by which this dic- 


(fashion) which is 


(mass market 


Of Current Interest 


tionary defines color names are those of a 
refinement of the method of designating 
colors outlined by the Inter-Society Colo: 
Council (ISCC) and developed at the Na- 
tional Bureau of Standards. The system 
applies not only to the colors of drugs and 
chemicals, for which it was originally de- 
veloped, but to the colors of all opaque, 
clear, cloudy, or fluorescent samples, whether 
viewed by reflected or transmitted light, 
and to microscopic structures. 158 pages. 
$2. Government Printing Office, Washing- 
ton 25, D. C. Foreign remittances must be 
in U. S. exchange and should include an 
additional one-third of the publication price 
to cover mailing costs. 


Electricity in the Home. This paper- 
bound publication is by Emanvele Stieri and 
covers the selection, installation, and main- 
tenance of various electrical devices found 
in modern homes. The opening chapters 
cover adequate wiring and lighting require- 
ments, batteries and 
and replacements. The re- 
mainder of the book deals with fans, air 
conditioners, electric water heaters, ranges 
washers, 


transformers, motors. 


and repairs 


freezers, etc. 405 

Orders should be 
sent to Barnes and Noble, Inc., 105 Fifth 
Avenue, New York 3, N. Y. 


refrigerators, 


pages. $1.75 per copy. 


Instruments and Controls Practices for 
Recent Single Boiler Turbine Reheat 
Installations. A report of the Instruments 
and Controls Subcommittee of the 
Movers Committee, Electric In- 
stitute (EEI). Publication No. 55-21, De- 
1955. 80¢ to EEI 
their employees; $2 to nonmembers in the 
USA, $2.15 to countries 
Send orders to: Edison Electric Institute 
420 Lexington Avenue, New York 17, N. ¥ 


Prime 
Edison 


cember members and 


and foreign 


Reference Radiographs. After 
four years of zealous effort by hard-work- 
ing industry members of ASTM Committee 
E-7 on Non-Destructive Testing, reference 
radiographs covering types and degrees of 
steel welds have been 
approved for publication by the American 
Society for Testing Materials. The refer- 
ence radiographs are reproduced from master 
radiographs taken of official sample weld 
plates which are the property of ASTM. 
There are 35 


discontinuities in 


radiographs in the form of 
transparencies mounted in standard 5- by 
8-in. Keysort cards. Details of plate thick- 
ness, method, and welding 
procedures are given on each card. The 
transparencies, although reproduced to a 
density level of approximately 1.0, retain the 
original radiographic contrast. The refer- 
ence radiographs are intended to serve as a 
guide for interpretation. No attempt has 
been made to establish limits of acceptability 
for any 


radiographic 


discontinuity. However, where 
applicable and upon agreement of all inter- 
ested parties they may be used in production 
inspection to evaluate weld soundness as 
provided for in product specifications. For 
identification purposes each type of dis- 
continuity is designated by a number. The 
degree of severity for each defect is indicated 
by a letter. Provision has been made for 
expansion of the card file as new reference 
radiographs become available. $50 per set 
Available from ASTM Headquarters, 1916 
Race Street, Philadelphia 3, Pa. 
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‘“Stop 


crying... 


Ii told you 


tousea 
Circie F 


switch!’’ 


We at Circle F have long realized that a high “QSP” rating 
is most important to a growing business 

@ Top Quality so that customers can depend on your product 
e Excellent Service to help clients with electrical problems 
@ Lowest Prices to assure a good margin of profit. 


& id NO. L-42-E 
ei! Single Pole— Medium Duty —One 
a Hole Mounting — Slow Make and 
Break—Solid “Fine” Silver Con- 
tacts “Off” Position in center. 


NO. L-50-N 


Double Pole — One Hole Mounting 
—Slow Make and Break — Solid 
“Fine” Silver Contacts—no “Off” 
Position. 


Circle F Mfg. Co. 


TRENTON N.J. 
SAVING YOU MORE SINCE 1904 


oN 
gre 


UL) 


= Y § 
fas ioe 
Eastern Insulated Wire Corp. 
Wallingford, Conn. 


A Subsidiary 


FEBRUARY 1956 


Check the “QSP” rating before you buy—we at Circle F proudly 
boast that our “QSP” is among the highest. 


A complete line of switches are available in each of the classi- 
fications shown. For more information or individual consulta- 
tion fill out the coupon below. 





NO. S-20-E 


One Hole Mounting — Slow Make 
and Break — Silver Plated Con- 
tacts “Off” Position in center. 


Di ape on. 
ON | 
| BL No. 2230 
/ | Snap-In Appliance Switch 
FF 


CIRCLE F MFG. CO. 
234 West 44th Street 


New York City Dept. 9-E 


() Please send me catalogue of complete line of 
switches 


[7 Please have salesman call. 


Name 


Address 


J Telephone__ a | 


For more information circle 11 on reader service card. 13A 





%* TOROIDAL CORES, Cased 


r-Valo mm @lalet-t-t-1e| 


» ae 1°) - 1-11) ere) i) 


It's ARNOLD for EVERYTHING in TAPE-WOUND CORES 


Cyplicaltions 


Let us help you with your core re- 
quirements for Pulse and Power 
Transformers, 3-Phase Transformers, 
Magnetic Amplifiers, Current Trans- 
formers, Wide-Band Transformers, 
Non-Linear Retard Coils, Reactors, 
Coincident Current Matrix Systems, 
Static Magnetic Memory Elements, 
Harmonic Generators, etc. 


/or Complete Daiils 


Write for Bulletins: 


* SC-107—Cut Cores, Types C and E 
* TC-101A—Toroidal Cores, cased 
and uncased 
* TC-108—Bobbin Cores 
ADDRESS DEPT, EL-62 


144A 


SOOOSSESSE SEES SESSOESOEOSSEEEOEOEESESESEOESEOEESEO EEE 


For more information circle 12 on reader service card. 





MATERIALS: Deltamax, 4-79 Mo- 
Permalloy, Supermalloy, Mumetal, 
4750, Monimax, Silectron, Permendur: 
all are available for tape wound core 
applications. The choice of material 
will depend upon the specific proper- 
ties required. 


GAUGES: The following standard tape 
thicknesses are available for Arnold 
tape wound cores in most of the mag- 
netic materials mentioned above: 
012”, .004”, .002”, .001”, .0005”, or 


.00025”. Bobbin cores are made from 
tape .001” to .000125” thick. 


SIZES: Cores weighing from a fraction 
of a gram to many hundreds of pounds 
can be supplied. Toroidal cores are 
made in 27 standard sizes with nylon 
cases. Types “‘C”’ and “E”’ cut cores are 
made in a total of 530 standard sizes. 
Many special sizes and shapes of both 
gapless and cut cores are manufactured 
for unusual requirements. @ Let us 
work with you. 
weno seis 


THE ARNOLD ENGINEERING (SOMPANY 





SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
General Office & Plant: Marengo, Illinois 
DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave. 


Los Angeles: 3450 Wilshire Blvd. 


Boston: 200 Berkeley St. 


ELECTRICAL ENGINEERING 


Circle 13 on the card. > 
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PERFORMANCE, EASY INSPECTION AND MAINTENANCE 
Sure, We like Square D 
it keeps OUr 
- of at a minimum. BUT— 
knows that even the 
eds periodic inspec- 
entive maintenance. 
D makes it 


dle those routine jobs. 


best starter ne 
tion and prev 
We like the way Square 
easy to han 









yr i Li Co 


1 Loosen two screws and the 2, Remove four screws ond 
are chamber cover comes off. e movable assembly con 
Every contact surface can be 
inspected at a glance- 





entir 


be lifted off. Disconnect two 
wires and sli i 





5 0 through 4 starters 
parate mounting 
Jocks for easier 
ontact block is 


OFF-THE-SHELF P 
They make normal 
modifications e 


ched with 4 Size 
y can have these s¢ 
electrical inter 


3 Contacts are atta 


separate screws—the 


be removed and replaced 
installation. 


aged parts include interlocks, 

coils, overload relays, pus without disturbing any wiring. 

selector switches. They Ze e A screwdriver is the only tool attached from fron of panel 
- needed. with two screws 


easy to identify, and faste 
ASK your ELECTRICAL pisTRIBUTOR FOR SQUARE D propucts 
abei-b -, ce . 
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For more information circle 14 on reader service card. 


FLORIDA POWER & LIGHT 


SELECTS S aC POWER 


Florida Power & Light Company is the Sun- 
shine State’s fastest growing utility. Year after 
year more manufacturers, more businesses, and 
more commercial enterprises are moving into the 
territory it serves. Rapid population gains have 
increased customers by 138%, and more than 
tripled demands on the 
system since the end of World War II. 


To satisfy these demands, Florida Power & Light 
has carried on an extensive power expansion pro- 
gram which, by the end of 1955, will have required 
the investment of $250,000,000 since V-J Day. 

For an expansion program of such importance, it 
is only natural that the greatest possible care is 
used to make sure that service continuity is main- 
tained and system equipment is protected. 


Aerial view of the Hialeah section of Miami—one of the areas where rapid building of homes and indus- 
try has increased demand for light and power to six times what it was ten years ago. Hialeah Park is na- 


tionally famous .. . 
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open the year around ... host to hundreds of thousands annually. 
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COMPANY 
FUSES 





For example, S&C Drop-Out Power 
Fuses—Type SMD (marked by ar- 
rows, right) are installed at Hialeah 
substation to protect two 7500 kva 
69/13 kv transformers which serve 
Hialeah Park as well as the hundreds 





of homes and many small industrial 
plants which surround it. 


How S2C Power Fuses Are Used in the 


69 Kv and 115 Kv System Protection Schemes 


2. Coordinate with the transformer 
damage curve to provide maximum 
protection to the transformers. 


The transmission lines of Florida 
Power & Light Company are tapped 
at intervals to feed distribution sub- 
stations. As was originally planned, 
the power transformers were not al- 
ways provided with primary protec- 
tion against secondary faults since 
primary breakers could not be eco- 
nomically justified. 


After a 115 kv power transformer 
had been lost (for lack of such pro- 
tection) the matter of protection was 
reconsidered. It was then decided 
that this protection was essential and 
that the device selected must meet 
these special requirements. 


1. Provide system protection over a 
wide range of fault currents. 


. Give complete coordination with 
secondary protective devices over 
the full range of fault currents. 


. Be capable of withstanding the 
recovery voltages which might be 
encountered under various fault 
conditions. 


5. Be low in cost. 


S&C Power Fuses, Type SMD, were 
found to meet all these requirements. 
Further details of Florida Power & 
Light’s application of these fuses may 
be found in AIEE Paper No. DP 
55-405. 





POWER FUSE 
TYPE SMD 


115-13.8 





13.8 KV 


FEEDER 
BREAKER 


Typical substa- 
tion tapped di- 
rectly from Flor- 
ida Power & 
Light's transmis- 
sion lines. 


Specialists in High-Voltage Circuit Interruption since 1910 
$2C ELECTRIC COMPANY 


4427 RAVENSWOOD AVENUE 
$aC Electric Canada, Ltd., 
DISTRIBUTION CUTOUTS AND FUSE LINKS « 


In Canada: 
POWER FUSES « 


e CHICAGO 40, 


LOAD INTERRUPTERS © 


ILLINOIS, 
8 Vansco Road, Toronto 14, Ontorio 
METALCLAD SWITCHGEAR 


U. 








“a large staff of engineering 
specialists 


“WN. wide experience with all 
types and makes of large rotat- 
ing electrical equipment, includ- 
ing that of foreign manufacture 


““a wire mill and a large 
stock of raw copper for on-the- 
spot production of wire as it is 
needed 


“a complete department for 
fabrication of insulating 
materials 


“* unequaled shop facilities 


Na large staff of skilled 
craftsmen for coil production 
and installation 


NS highly competent winding 
supervisors for on-the-job super- 
vision of coil installation—any- 
where in the world 


“™“\a willingness to work 
around the clock, if necessary, 
until our out-of-service equip- 
ment is back at work 


Don’t wait until an emergency arises to 
get acquainted with National’s facilities 
and services. If you operate rotating 
electrical equipment of any kind, it will 
pay you to write for details —today. 





INDUSTRIAL NOTES... 


Color Television Station Buys RCA 
Equipment. Purchase of a complete 
Radio Corporation of America, (RCA) 
100-kw vhf television installation by a new 
color television station in Portland, Ore., 
has been announced. It involves approxi- 
mately one million dollars, and represents 
the largest single installation of RCA equip- 
ment for an independently owned color 
television broadcast station. The new 
Portland station, which will be completely 
equipped for origination of color television 
programs, hopes to be completed before 
July 1956 when it will utilize the new 
RCA 100-kw transmitter and an RCA-de- 
veloped 100-kw superturnstile antenna to 
achieve 316,000 watts of effective radiated 
power—the maximum established for high- 
band vhf television stations by the Federal 
Communications Commission. 


Belgian Private Industry To Install West- 
inghouse Atomic Power Plant. Belgian 
private enterprise plans to install an atomic 
power plant to provide electric energy dur- 
ing the Brussels World’s Fair in 1958. 
Making the announcement in New York 
was William E. Knox, president of West- 
inghouse Electric International Company. 
In Brussels, the announcement was made 
by H. Robiliart, chairman of the Syndicat 
d’Etude de l’Energie Nucleaire, an organ- 
ization of Belgian utilities and manufac- 
tures formed recently to develop industrial 
uses of atomic energy in that country. 
The 11,500-kw plant will be the first pri- 
vately financed atomic-electric power plant 
to go into operation anywhere in the world. 
It will be built within a few miles of the 
center of Brussels. Work on the project 
is already under way in Belgium and the 
United States. Fuel elements for the unit 
will be fabricated by Westinghouse from 
special material furnished by the United 
States Atomic Energy Commission (AEC) 
under a separate agreement reached be- 
tween representatives of the AEC and the 
Belgium. This agreement was outlined in 
the Belgian Government’s bilateral agree- 
ment with the United States Government, 
signed in 1955. 


Kellogg Manufactures Insulated Surgical 
Instruments. KEL-F (registered trade- 
mark) fluorocarbon plastic is being used 
to coat surgical instruments, making them 
safer to use in areas where high-frequency, 
high-voltage electric current is required. 
If there is a short circuit between instrument 
and tissue, normal tissue may be burned; 
coagulation does not occur when desired, 
and adjacent nerves or nerve roots may be 
affected by spread of the current. KEL-F 
trifluorochloroethylene polymer, manu- 
factured by The M. W. Kellogg Company, 
forms a hard, nonporous film which absorbs 
no moisture, and resists ordinary wear. 
Coated instruments now in use have been 
autoclaved over 100 times and the coating 
still shows no tendency to chip or peel and 
continues to retain all its insulating quali- 


ties. The coating is flexible enough to 
allow any reasonable alteration in instru- 
ment shape and it can be applied to almost 
any irregularly contoured surface. 


Bendix-Pacific Consolidates Engineering 
and Development Operations. The Pa- 
cific Division of Bendix Aviation Corporation 
has announced the approaching completion 
of a large addition to the engineering build- 
ing on Sherman Way in North Hollywood, 
Calif. The purpose of the new building is 
for the centralizing and consolidating of all 
engineering activities formerly housed at 
three separate locations in the San Fer- 
nando Valley, Calif. It will include the 
latest in test and development equipment, 
and is part of Bendix-Pacific’s long-range 
plan which ties into the nation’s weapons 
systems concept. 


New Helicopter Uses Yardney Silvercel. 
Results achieved with a Yardney Silvercel 
aircraft battery in a series of rigid tests have 
resulted in the adoption of the Silvercel as 
original equipment on the new Sikorsky 
S-59 gas turbine helicopter, it was an- 
nounced by Yardney Electric Corporation, 
44 Leonard Street, New York, N.Y. The 
Yardney Silvercel battery, weighing 26 
pounds, with a capacity of 40-amp hours, 
and a nominal 24-volt rating, under identi- 
cal conditions, was used more than 18 
months in the XH-39 military version of the 
S-59 without any maintenance or servicing 
and has started the engine more than 300 
times without failure. The reduction in 
weight, as well as the high efficiency of the 
Silvercel, has made it a most desirable 
feature of the new S-59. 


Generating Station To Expand. Directors 
of the Puget Sound Power and Light Com- 
pany, Seattle, Wash., approved plans to en- 
large the Snoqualmie Falls hydroelectric 
generating station from 22,000 to 42,000 kw. 
The project, scheduled for completion in 
April 1957, will cost about $3 million, 
and includes rebuilding the existing sub- 
station at the site. It will make additional 
power available for the area’s expanding 
economy, and is another forward step by 
Puget as a part of the Puget Sound Utilities 
Council Program to provide an adequate 
power supply for the region. 


General Electric Notes. A realignment of 
the General Electric Company’s organiza- 
tion with a principal aim of better meeting 
the needs of an industrial electronics busi- 
ness, which is expected to double in size in 
the next five years, has been announced. 
Increases in the use of computers, automa- 
tion, and semiconductors are the major 
factors in the anticipated increase in elec- 
tronics by 1960. Six company components 
operating in the field of producers’ and 


(Continued on page 20A) 
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VOLTAGE REGULATED 
POWER SUPPLIES 


jor powering 
electronic equipment 


Model 
KR-18MC 


Build these compact Power Supplies into your equipment! 


KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 


REGULATION: Less than 0.2 volts for line fluctuation from 
105-125 volts and less than 0.2 volts for load variation from 
0 to maximum current. 


RIPPLE: Less than 3 mv. rms. 


To include 3° Current and Voltage Meters, Add M to Model 
number (e.g. KR 16-M) and Add $30.00 to the Price 

To include Dust Cover and Handles for Table Mounting, Add C to 
Model number (e.g. KR1I6-C) and Add $10.00 to the Price 

To Include Meters, Dust Cover and Handles, Add MC to Model 
number (e.g. KR-16 MC) and Add $40.00 to the Price 


PRICES F.0.B. Flushing 


NeW” 


1.5 Ampere 





Model KR-18 


FEATURES 


@ Fast Recovery Time, Suit 
able for Square Wave Pulsed 
Loading 


Voltage Range continuously 
variable without Switching 


Either Positive or Negative 
may be Grounded 


Oil Filled Condensers 


Wire Harness and Resistor 
Board Construction 


@ Power Requirements 105 
125 volts, 50-60 cycles 


@ Terminations on rear of unit 
@ Locking type voltage contro! 
AC, DC Switches, Fuses, and 
Pilot Lights on Front Panel 


@ Color Grey Hammertone 


@ Guarantee One Year 


15 Amp. KR SERIES 








Volts t 6.3VAC 

0-150 | Each supply 
100-200 has twe 
195-325 | 5A 


295-450 | 














Rack Mount 





The KEPCO KR SERIES in the above voltage ranges are 
available in 600 Ma. — 300 Ma. — 125 Ma. series 


A LINE OF SO MODELS 


Available from Stock — Catalog on Request 


G3 nt 0-7 og EY YN - To]. 7 wae). i] a 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. + INDEPENDENCE 1-7000 
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Industrial Notes 
(Continued from page 18A) 


military electronics were assigned to the 
General Electric Electronics Division. In 
addition, an industrial electronics labora- 
tory, an industrial computer section, and 
an electronics business study were estab- 
lished in the division. 

The Electronics Division manufac- 
tures light and heavy military elec- 
tronic equipment; electronic components; 
electronic tubes; semiconductor _ prod- 
ucts, transistors and rectifiers; bread- 
cast radio and television transmitters, 
antennas, and studio equipment; closed- 
circuit television equipment; and micro- 
wave relay and two-way radio transmitters 
and receivers. The changes announced 
also involved the regrouping of all of Gen- 
eral Electric’s major consumer product 
activities into a Consumer Products Group, 
formerly the Appliance and Electronics 
Group. The group includes five divisions, 
among them the Applicance and Television 
Receiver Division, formerly the Major 
Appliance Division, and the Housewares 

and Radio Receiver Division, formerly the 
Hathawav Present 7 N Small Appliance Division. New depart- 
°/ S wo CW ments have been established in each of 


those divisions to carry on General Electric’s 





ww 


RS-9 Thirty RS-9 Fourteen 


e e home radio and television businesses. The 
Au tomatie O ws ¢ illo Tra h 7 Consumer Products Group also includes the 
* S P company’s ,Air Conditioning Division, 
j Hotpoint Company Division, and Lamp 
: . Division. ‘The Industrial Components and 
Now you can choose either the RS-9 Thirty or Lamp Group, now becomes the Industrial 
Components and Materials Group. 
‘ , : : ‘ A permanent building designed to house 
system monitoring needs. Each oscillograph is giant electronic computers has been com- 
fully automatic. Each is equipped with inter- pleted at the General Electric Company’s 
jet engine plant near Cincinnati, Ohio 
Two 704 computers, newly-designed equip- 


the RS-9 Fourteen to best meet your station or 


nally mounted starting relays. And... because 


of the many types of Hathaway galvanometers ment made by the International Business 
Machines Company, will be installed in the 
building. The computers will be used to 
wide variety of automatic recording applications. make high-speed calculations in jet en- 
gine design work. 

RS-9 Thirty RS-9 Fourteen Baltimore Gas and Electric Company of 
i‘ Baltimore, Md., has ordered a 125,000 kw 
30 Channels 14 Channels steam turbine-generator from the large 
steam turbine-generator department 
When installed at the Herbert A. Wagner 
I Internal relays 3 Internal relays station in greater Baltimore, the steam 


and starting relays...each is adaptable to a 


2-millisecond starting 2-millisecond starting 


turbine-generator will furnish the average 


Simple cartridge loading Magazine loading ‘ 
yearly electricity needs for more than 206,- 


Focal-plane calibrating Recording beam viewing 000 persons. The turbine for the 160,000- 


ee Sereen kv ampere generator will be of the 3,600- 
12-inch wide chart 10-inch wide chart rpm tandem compound, double-flow, re- 


. . heat type. 
Date and time on every Date and time on every YE 


record record 
Lamp automatically Individually adjustable Raytheon Enters The Atomic Energy 

replaced on burnout recording beams Field. The entry of Raytheon Manu- 
facturing Company into the atomic energy 
field has been announced with the publica- 
W rite for Bulletins 2-F2-C and 2-F1-C tion of its pamphlet, “Nuclear Reactor 
; Data.” The booklet lists significant data on 
nuclear reactors throughout the world, in- 


Il (h cluding six in Russia. This information 

d Way represents the most complete work of its 

type and is being furnished to key leaders in 

industry, Government, and education as a 

serait niente SVEOIIARY OF public service by the Waltham, Mass., 

a electronics firm. Additional copies will 

Hamilton be available to other interested persons at 

a nominal charge. The study which re- 

WATER COMPANY sulted in the data booklet was carried out 
1315 SOUTH CLARKSON + DENVER, COLORADO (Continued on page 26A) 
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For the most dependable printed circuits, you need 
the 


of 


Printed circuits based on C-D-F materials are 


with great success in military electronic equipment, 


cial television and radio sets, 


being 


used 


commer- 


sub-miniature radiosonde equipment and hearing aids. 


Photos courtesy of Photocircuits, Inc., 


Glen ¢ 


ve, 


telephone switchboards—even 


N. Y. 


high bond strength, workability, heat-resistance 


C-D-F DILECTO METAL-CLAD LAMINATES 


HIGH BOND STRENGTH —C-D-F'’s special adhesive for metal- 


clad Dilecto bonds the copper foil to the plastic without affecting 
the laminate’s superior electrical properties. Heat-resistance, 
pation factor, dielectric constant, dielectric strength, and insulation 
resistance of the Dilecto base remain unaffected. The 
bonded foil can be etched cleanly and dipped in hot solder to 
220°C. (428°F.) for ten seconds with a guarantee of no blistering 
or separating. Metal-Clad Dilecto can be punched or machined 
either before or after etching. 


dissi- 


closely 


EXCELLENT WORKABILITY —On all five Dilecto metal-clad 
grades, you can solder, punch, saw, and assemble components 
either by hand or automatically. Thanks to the inherently superior 
workability of the plastics laminate over that of ceramic-type 
materials, Dilecto can be dropped, jammed into tight chassis, and 
otherwise treated roughly on the assembly line and in service. 


HIGH HEAT-RESISTANCE— Metal-Clad Dilecto Laminates are 
made of phenolic, epoxy, or Teflon* resin for various conditions 
of service and assembly, and have either cellulosic paper or woven 
glass-fabric base. All are ideally suited to printed-circuit applica 
tions in which heat-dissipation is a major problem. Continuous 
exposure to high ambient operating temperatures in enclosed elec- 
tronic equipment has no significant effects on Dilecto’s electrical 
and physical properties. 


UNLOAD YOUR HEADACHE HERE! C-D-F, a big, reliable 
source of supply, can help you get the most for your printed-circuit 
money by reducing rejects, lowering fabrication costs, 
dependable quality every time. Send us your print or problem, and 
we'll gladly supply appropriate test samples free. See our catalog 
in the Product Design File (Sweet's) or send for the new 20-page 
Dilecto catalog. Let your nearby C-D-F sales engineer (listed in 
Sweet’s) help you right from the design stage! 


assuring 





BOND STRENGTH—0.0014” foil 
(Lbs. reqd. to separate 1” 
width of foil from laminate) 
MAXIMUM CONTINUOUS 
OPERATING TEMP. (Deg. C.) 


DIELECTRIC STRENGTH 
(Maximum voltage per mil.) 


INSULATION RESISTANCE (Me 
96 hrs. at 35° C. & 9054 RH 


DIELECTRIC CONSTANT 106 Cycles 
DISSIPATION FACTOR 106 Cycles 
ARC-RESISTANCE (Seconds) 
TENSILE STRENGTH (psi.) 
FLEXURAL STRENGTH (psi.) 


IZOD IMPACT STRENGTH edgewise 
(ft. Ibs. per inch of notch) 


COMPRESSIVE STRENGTH flatwise 
(psi.) 


gohms) 


BASE MATERIAL OF LAMINATE 


COLOR OF UNCLAD LAMINATE 








TYPICAL PROPERTY VALUES 
Copper-Clad 


Copper-Clad 
PHENOLIC 
(Grade XXXP-26) 


5 to8 
120 
800 

50,000 
4.20 

0.026 
10 


16,000 x 13,000 
21,000 x 18,000 


0.40 x 


0.35 
28,000 
Cotton rag paper 


Natural greenish 





All these standard grades are available with 0.0014 
9n one or both surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order 


Copper-Clad Copper-Clad Copper-Clad 


PHENOLIC 
(Grade XXXP-24) 


5 to 8 
120 
800 

50,000 
4.20 

0.026 
10 


4,000 x 11,000 
19,000 x 16,000 


0.40 x 0.35 


27,000 


Cotton rag paper 


Natural Brown 
‘0.0028’ 





0.0042’ 


EPOXY 
(Grade GB-116E) 


8 to 12 


150 
700 


30,000 
4.90 
0.019 
60 
46,000 x 42,000 
60,000 x 55,000 


6.5 x 6.0 
60,000 
Fine-weave 
medium-weight 


glass cloth 
Natural 





EPOXY 
(Grade GB-181E) 


8 to 12 


650 


20,000 
4.95 
0.018 
80 
48 000 x 44,000 
75,000 x 65,000 
13.5 x 11.5 


62,000 


Medium-weave, 


medium-weight 
glass cloth 
Natural 





TEFLON* 


(Grade GB-116T) 


Over 106 megohms 


Fine-weave 
medium -weigt 
glass clot! 


N 
Natura 


or thicker electrolytic or rolled copper foil 





*duPont Trademark 


CONTINENTAL DIAMOND FIBRE 


CONTINENTAL DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 
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NEWARK 86, 


DELAWARE 
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Save 4 ways 


with Rome Aluminum Triplex For 


Overhead Distribution and Services 


1. You save on the initial cost . . . as compared to 
copper triplex. 

2. You save time and money on installation be- 
cause of lighter weight and easier handling. 

3. You save on maintenance and service interrup- 
tions as compared to open-wire installations. Rome 
Aluminum Triplex offers maximum resistance to storms, 
wind and ice loading. 

4. You save on pole and crossarm cost by longer 
spans of triplex self-supporting secondary cable. 
Minimum replacement 

Insulated with RoPrene (Neoprene) or RoLene (polyethyl- 
ene) Rome Aluminum Triplex provides greater protection 
against sunlight, heat, moisture, corrosive atmospheres, 
abrasion and other operating hazards. There are no braids to 
rot or festoon. Your replacement costs are minimized. 


Better performance 

On secondaries you get better voltage regulation because of 
lower reactance in long and heavily loaded circuits. And, 
finally, you have a neater, cleaner installation . . . no clut- 
tered, unsightly open wires. 


Quality controlled, from pig to finished wire 
Rome Cable is one of the few manufacturers of aluminum 
conductors who are equipped with the famous Properzi con- 
tinuous casting process. Production begins with the primary 
aluminum pig which, from molten form, is cast, rolled and 
drawn into the finished conductor. This basic working of the 
metal, plus careful, scientific compounding and application 
of insulating materials, all under one roof, permits Rome 
to closely control quality of its aluminum products during 
each phase of manufacture. It is your assurance of uniform 
dependability. 


For full information on Rome Triplex with aluminum 
(or copper) conductors, send for Rome Bulletin RS-5. It 
gives specifications, dimensions and includes sag and ten- 
sion data. 


By popular demand « The wide acceptance of tri- 

plex cable for overhead services by large utilities, small 

municipalities, and customers of both, throughout the entire 

country, is proof of the popular demand of the present, and 

indicative of the future trend in overhead service cable design. 

Rome Aluminum Triplex can be purchased 
in handy 500-foot cartons, paper-wrapped 
coils or on nonreturnable reels. 


Typical service connections 





Dead-end connection at house Fewer poles, longer spans with mid- Service tap connection at pole 
span taps possible on secondaries 
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Rome Aluminu nv Line W “tre e are smoother, easier to pull over crossarms than conventional 

RoPrene (Neoprene) or RoLene (polyethylene) line wires give weatherproof wires 

you extra service life because they are inherently tough. They ¢ are easier to strip and clean for connections 

have exceptional weathering stability and are unaffected by in- ; 

dustrial fumes. Conductors, aluminum, ACSR (or copper) are manufactured 
Either RoPrene or RoLene aluminum line wires in accordance with the latest ASA and ASTM specifications, as 

2 2 ; ; é applicable. The RoPrene and RoLene coverings meet ASA 

resist moisture, sunlight, weathering, corrosive atmospheres specifications for weather-resistant wire. 
and abrasion. Rome Bulletins WP-2A and WP-4 give you full information 
are nonrotting and nonfestooning on Rome Aluminum Line Wire (as well as copper and ACSR). 


ALUMINUM 


Rome Cable Corporation, Rome, New York, and Torrance, California 
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ASCO Bulletin 906 assures emergency power for the operation of bleed steam, water output and input, and other vital valves. 


FOR ASSURED POWER 


ASCO Automatic Transfer Switches 


Protect Key Equipment 
at Con Edison’s Astoria Station 


More than 50 ASCO Automatic Transfer Switches 
were specified by Con Edison for a variety of situations 
at its Astoria Generating Station, N. Y., where auxil- 
iary power failure could not be tolerated. They protect 
generators, insure operation of key valves and control 
panels, stand ready at all times to transfer loads to 
alternate sources when normal power fails. 


They must be dependable. 

Dependability in an automatic transfer switch stems 
from several features. It must be designed for con- 
tinuous duty in either normal or emergency position. 
The switch must be able to close safely. on inrush 
currents 20 times full load rating so that contacts will 
not weld on tungsten lamp load. 

Other features include inherent interlocking, pre- 
cluding the possibility of both circuits being open or 
closed . . . mechanical locking, providing high contact 
pressure, minimum IR losses, and assuring that vibra- 
tion or electromagnetic effects cannot open the con- 


SOLENOID VALVES -« ELECTROMAGNETIC CONTROLS 


For more information circle 20 on reader service card. 
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CONTINUITY 


ele coil design, providing construction 


tactS ... Sim 


} 


simplicity, quiet operation . . . built in time delay so 
the equipment ignores harmless momentary outages 
Only ASCO Automatic Transfer Switches satisfy all 
these essentials in addition to the nominal require- 
ments of transfer switches. For this convincing reason, 
many engineers are today specifying ASCO — the one 
source for a full line of absolutely de pe ndable auto- 
matic transfer switches. 
WRITE NOW FOR PUBLICATION 596 DESCRIBING 
HOW TO SELECT AN ADEQUATE AUTOMATIC 
TRANSFER SWITCH. 


AUTOMATIC SWITCH COMPANY 
385E LAKESIDE AVENUE 
ORANGE, NEW JERSEY 


FEBRUARY 1956 


Two of several bleed steam valves that control 
the flow of steam from turbines to the main 
condensers. 


Power source for the operation of instruments 
on the control panel must not fail. Several ASCO 
units are used here. 


Continuous lubrication of the main shafts in the 
turbo-generators is assured by auxiliary pumps 
shown in the photo below: The power for this 
equipment is assured by an ASCO Automatic 
Transfer Switch. 


Inspector checks the oil level in the auxiliary 
lubricant pump for the generators. 


DEPENDABLE CONTROL 





























DC COUPLED 
10 mv/inch 
Yo CYCLE SWEEP 


Size: 12'' x 6 x 7” 
12% Pounds 


ANOTHER EXAMPLE of Weizmann PIONEERING... 


The HIGH GAIN POCKETSCOPE, model S-14-A, is an outstanding 
achievement in the field of oscilloscopes. The high vertical and horizontal 
sensitivities of 10 and 15 millivolts rms/inch respectively; frequency re- 
sponses within —2 db from DC to 200 KC; non-frequency discriminating 
attenuators and gain controls; plus individual calibration voltages are but a 
few of the heretofore unobtainable characteristics of DC coupled oscil- 
loscopes. The sweep is operated in either a repetitive or trigger mode over a 
range from 0.5 cycles to beyond 50 KC with synchronization polarity 
optional. All this and portability too! The incredibly small size and light 
weight of the S-14-A now permits ‘‘on-the-spot”’ use of the oscilloscope in all 
industrial, medical, and electronic fields. Its rugged construction assures 
“laboratory performance” regardless of environment 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 


CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS DRCLUDE 


S-4-C SAR PULSESCOPE® 

S-5-C LAB PULSESCOPE 

S-11-A INDUSTRIAL POCKETSCOPE® 
S-12-B JANized RAKSCOPE® 

S-14-A HIGH GAIN POCKETSCOPE 
S-14-B WIDE BAND POCKETSCOPE 
S-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 

and Other Associated Equipment 


. 
WATERMAN PRODUCTS 
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Industrial Notes 
(Continued from page 20A) 


under the direction of William A. Robba, 
head of the firm’s nuclear power group in 
the Research Division. Material was 
gathered from a wide variety of sources, 
including scientific journals and other pub- 
lished works in many languages. The en- 
tire project was aided greatly by the 
declassification of significant quantities of 
information for the Geneva Conference. 


Electron Products Moves. Electron Prod- 
ucts, Inc., a subsidiary of Preco, Inc., 
manufacturers of custom-built miniaturized 
capacitors, and radio noise filters, moved to 
Pasadena, Calif., on December 15, 1955. 
Mr. I. Berry will continue as general man- 
ager of this operation. The plant is 
located at 430 North Halstead Street in 
Pasadena’s “‘Instrument Park.” 


New Plant. ElectroData Corporation has 
dedicated its new, half-million-dollar plant 
in Pasadena’s (Calif.) Hastings Ranch dis- 
trict. The modern California-style struc- 
ture is the first of two such facilities com- 
pleted to manufacture high-speed electronic 
computers. 


NEW PRODUCTS 


New Electric Brake Requires Little 
Maintenance. Star-Kimble Motor Divi- 
sion, Miechle Printing Press and Manu- 
facturing Company, Bloomfield, N. J., 
has developed an electric brake that 
offers greater freedom from adjustments 
and maintenance. Designated series F, 
the device features a magnet with a circum- 


ferentially wound core and armature which 
reduces power losses by 80 per cent Pre- 
formed coils inserted in slots milled in the 
core are the equivalent of 6 E magnets and, 


because of this number, is divisible by 2 


(Continued on page 28A) 
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DOW CORNING 
CORPORATION 


ELECTRICAL 


Silicone Dielectrics 


AND ELECTRONIC NEWS 


No. 3 





New Silicone-Glass Insulators 
Meet Class H Specifications 
Are Stronger, Easier to Use 


Production methods developed by Sili- 
cone Insulation, Inc., New York City, 
reduce the cost of molding one-piece 
silicone-glass laminated coil bobbins 
and other Class H components. Users 
save assembly costs. 

In the bobbins, glass cloth impregnated 
with Dow Corning 2104 resin 
flares out from the cores into flanges pro- 
viding completely unified structures that 
are easy to handle for quick assembly, and 
exceptionally strong in proportion to their 
wall thickness. Tolerances may be held as 
low 001”. 


silicone 


as + 


These one-piece laminated bobbins are 
serviceable at Class H temperatures; show 
no tendency to break at the joints, crumble 


or delaminate. Already in use by several 


leading manufacturers of high 
ture transformers, and 
controls, they wide 


range of sizes and dimensions, and may 


tempera- 
relays, solenoids 
are available in a 


have as many as six integral flanges. 


Price-wise, silicone-glass laminated bobbins 
compare favorably with 
Class H assemblies. Low mold costs per- 
mit production runs of as few as one 
hundred parts. No. 12 


conventional 





New 1956 Reference Guide to Dow Corning 
silicone products briefly reviews properties and 
applications of the silicone fluids, compounds, 
greases, resins and rubbers that are most com- 
monly used. Indexed by application, this new 
12-page reference guide includes basic informa- 
tion on liquid dielectrics, dielectric compounds, 
electrical insulating resins and varnishes, Silastic 
and Class H components. No, 13 


ATLANTA * CHICAGO «+ CLEVELAND * 





DALLAS * 


Of Miniature Motor in B-52A Bomber 
PROBLEM: 


Ambient temperatures range from —65 to 
300 F. 


Size and weight must be held to a minimum. | 


Maximum reliability is imperative. 

To meet those requirements, design a minia- 
ture a-c motor for continuous duty in the 
oil temperature controller for the Boeing 
B-52A Stratofortress. 


SOLUTION: 

Design engineers with 
Manufacturing Division of The Garret 
Corporation found the best solution to 
that problem in electrical insulating ma- 
terials and high temperature paints made 
with Dow Corning silicone. Dow Corning 
33 Grease solved the bearing problem. 


the AiResearch 


A silicone bonded asbestos-glass laminate, 
made by the Irvington Varnish and Insu- 
lator Company is used for slot and phase 
insulation. Dow Corning Sylkyd enameled 
magnet 
Wires, 


Silicone-glass 


wire, manufactured by 
Inc. is the 


used 


Hi-Temp 
windings. 
for end 
laminations and slot wedges. End connec- 


used in 
laminate is 


tions are tied with Silastic*-impregnated 
glass cord. 


Silastic-impregnated Turbo 117 glass sleev- 
ing, made by William Brand and Com- 
pany, is used to insulate the connections 
because of its flexibility and outstanding 
resistance to fraying. 


The stator is impregnated with Dow Corn- 
ing 997 silicone varnish and baked at 400 
F. The stator bore is painted with Sicon 
black silicone enamel, manufactured by 
Midland Industrial Finishes. 

The ball lubricated with 
Dow Corning 33 silicone grease to give 
long service at temperatures 
from —65 to 300 F. 


bearings are 


ranging 
No. 14 


DETROIT * LOS ANGELES + 





varnishes 





New Silicone Varnish Improves 
Performance of Class B Machines 
Sylkyd* 1400, a new modified 
dipping and impregnating varnish, makes 
possible the production of more durable, 


silicone 


more reliable Class B eiectrical equipment. 
Highly resistant to heat, it also has excellent 
bond strength and outstanding resistance 
to moisture, oil and degreasing solvents. 


Accelerated life testing in our motor test 
laboratory indicates that the insulating life 
expectancy of Sylkyd 1400 at a hottest 
spot temperature of 130 C is 25 to 50 
that of Class B varnishes. As 
shown in the graph, the dielectric life of 
this mew varnish approaches that of 
straight silicone (Class H) varnishes. 


100.000 


times 





Temperoture, °C 
Sylkyd 1400 
useful on 
other 
heavy 


appears to be 
railroad traction 
heavy equipment 
and 


particularly 


motors and 


duty subject to 


overloads periodic cleaning. 


Costwise, it is less expensive than Class B 


when the extra life and reli- 


| ability are taken into consideration. No. 15 


PAT. OFF. 


Send Coupon for More 
Information 


DOW CORNING CORPORATION - Dept. 4102 


Midland, Michigan 


Please send me_ 12 


NAME 





TITLE 





COMPANY 





STREET 





CITY oo 








NEW YORK * 


WASHINGTON, D.C. (Silver Spring, Md.) 


Canada: Dow Corning Silicones Ltd., Toronto; Great Britain: Midland Silicones Ltd., London; France: St. Gobain, Parls 
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lower 
maintenance 
— better 


TUL... with MORGANITE 


Above are just a few Morganite products designed to help the 
Electrical Engineer gain better performance, lower mainte- 
nance from his electrical equipment. Carbon, which is self- 
lubricating, resistant to burning and free from welding, is 
particularly suitable as an electrical contact material. 


Carbon products have been our business for 50 years. Through 
constant research we have learned the peculiar traits and prop- 
erties of various grades and qualities of carbon. This experience 
places us in a position to supply you with just the right grade 
and design for your particular needs. 


Our engineers will be glad to discuss your electrical problems 


MM é INCORPORATED 


Manufacturers of fine carbon-graphite products for fifty years. 
3308 48th Avenue, Long Island City 1, New York 
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or 3; the brake may be connected to 
either 2- or 3-phase motors with equal 
facility. Another advantage is high pull- 
in force at large air gaps important in 
electric brakes because brake-lining wea: 
causes the armature to recede from the 
pole faces and, in the case of a lining that 
has been almost worn away, may displace 
the armature so far that the magnet can- 
not attract it against the force of the 
brake springs. The manual release in the 
series E is located off-center to permit two- 
end shaft mounting. By an arrangement 
of two release pins a limit stop for the mag- 
net armature is provided; the pins keep 
the armature from being displaced so far 
that the magnet cannot pick it up 


item 1 on the card. 


Transistor Wrist Radio. A new broad- 
cast band all-transistor wrist radio has 
been developed by LEL, Inc., Copiague, 
N. Y., a division of Linear Equipment 
Laboratories, In« A special (patent pend- 
ing) rf reflex circuit is incorporated which 
allows good selectivity and _ sensitivity 


No antenna is required in moderate signal 


strength areas. Its small size (24/, inches 
long, 13/, inches wide, 3/4 inch thick), and 
weight (2.5 ounces with batteries), make it 
ideal for wearing on the wrist or shirt pocket 
Three transistors are used, allowing fo 
economy of operation from five button 
size mercury cells which last up to 100 
hours. The unit features a_ two-stage 
transformer coupled audio amplifier and 
a no whistle regenerative circuit. <A hear- 
ing aid receiver allows for private listening 
Printed circuitry is used throughout 
Band coverage is 550 to 1,600 ke. Sensi- 
tivity 200uv per meter. Output 2-2.5 
milliwatts. 


Htem 2 on the card. 


Uhf Super-Power Tube for Television. A 
super-power beam power tube which can 
deliver a synchronizing-level power output 
of 25 to 30 kw when used as a grid-driven 
power amplifier in color or black-and- 
white television service, has been developed 
by Radio Corporation of America (RCA). 
The tube, RCA-6806, may also be used as a 
continuous-wave amplifier in class C teleg- 


raphy service to provide a useful power 


Continued on page 32A 
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‘Lime is the measure of all things. 


Few of man’s inventions can stand its 
merciless judgment. Yet Kerite for 

102 years has thrived and spread 

and gained renown. Time, indeed, gives 
Kerite its unqualified recommendation. 


The Value And Service Life Of A Product Can Be No Greater 
Than The Integrity And Craftsmanship Of Its Maker. 
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nsitco POWER 





| 
10 times more microwave power gives 
/ 





’ 


E* LUSIVE WITH PHILCO! Ten times Philco CLR-7 Microwave equipment 
more transmitter power in Philco can be installed in minimum space... 
CLR-7 Microwave systems... with a employs reliable, long-life tubes, a 
degree of performance and reliability positive frequency control system and 
never before attained in microwave is completely compatible with existing 
equipments. wire line and two-way radio facilities 
Heart of the Philco system, the and with any type multiplex equipment. 
“Power House’ Klystron, generates a Get complete data on CLR-7 Micro- 
full watt of power (10,000 watts ERP) wave equipment. Let Philco help in the 
in the preferred 6000-7500 mc band. planning of your system. Philco main- 
This Philco CLR-7 Microwave power tains a staff of microwave specialists 
results in a received signal 10 times who are experienced system and field 


stronger—a higher safety margin toover- engineers. Call a Philco field representa- 
g g ) § 


come adverse propagation conditions. tive or write Philco, Dept. EE, today. 





PHILCO REGIONAL SALES OFFICES 


CHICAGO 11, ILLINOIS LOS ANGELES 25, CALIF. DAYTON 2, OHIO 
666 Lake Shore Drive 10589 Santa Monica Blvd. Talbott Bldg. 
SAN FRANCISCO 3, CALIF. WASHINGTON 6, D.C. DALLAS 1, TEXAS 
1355 Market St. 744 Jackson Place, N.W. 201 Southland Life Bldg. 
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the ‘Long Haul”’ 











HAT COUNTS! 





 _ he (* 


_ you advantages like these: 






160% greater maximum hop distance eS a Mas 


Fewer microwave relay stations 


@ 10,000 watts effective radiated power— 
50% smaller antennas 


Reduced tower installation costs 





@ 10 db additional signal safety margin 


Philco CLR-7 Microwave re- 
peater ... rugged! compact! 


reliable! Built to provide con- 





. “193 & Coen 
tinuous, trouble free service } 4 & aq “oh 


over short or long hauls. , 





Philco ‘'Power House” Klystron 
provides the highest equip- } 
ment power output available Le 
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megacycle band. — aa - 








PHILCO CORPORATION 


overnment and 





gage Philadelphia 44, Pennsylvania 
ndustrial Division 





In Canada: Phileo Corporation of Canada Ltd., Don Mills, Ontario * In Europe: Philco Corporation, Paris, France. 


bui 


* Original 


it SPECIALLY for the 


equipment manufacturer 


Each component part of your equipment must function without 


failure. One of the most important of these integral parts is the 
transformer. Standard O.E.M. Transformers are noted for their 


accuracy, dependability, compactness and sound basic construc- 


tion. They’re engineered especially for O.E.M. use. Many well- 


known criginal equipment manufacturers have specified O.E.M. 


Transformers for over 30 years. You can have Standard O.E.M. 


Transformers tagged for you, too! Consult your nearby Standard 


representative or write to Standard direct for specific information, 


literature or engineering consultation. 


€ 


, 


‘THE STANDARD TRANSFORMER COMP 


Trade Mark @ 


WARREN, OHIO 


REPRESENTATIVES IN PRINCIPAL 


SUPTES 
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output of 25 kw at 400 mc. In single- 
sideband service, it will provide a maxi- 
mum-signal power output of 15 kw at 
550 mc. The new tube design features a 
coaxial-electrode structure in which the 
centrally located plate is surrounded by a 
symmetrical array of unit electron-optical 
systems. ‘These systems embody a struc- 
tural design which permits not only close 
spacing, but also accurate alignment of the 
electrodes. Other features of the 68006 
include low inductance, large area, radio- 
frequency electrode terminals insulated 
from each other by low-loss ceramic bush- 
ings, relatively low output capacitance 
very low feedback capacitance, multi- 
strand thoriated-tungsten filament for 
economical operation, high emission capa- 


bility, and long life. 


Item 3 on the card. 


The Draft-A-Matic. A new drafting 
desk, by The General Fireproofing Com- 
pany, Youngstown, Ohio, makes possibl 
the performance of all drafting operations 
in a seated postion. The drafting plat- 
form is equipped with an endless, vinyl! 
plastic belt The belt, which is 48 inches 
wide and can accommodate a drawing 72 
inches long, provides an excellent drawing 
surface. The belt moves over aluminun 
rollers at each end of the drafting platforn 

By turning the wheel at either end of the 
front roller, the draftsman moves the belt 
and the drawing affixed to it so that any 
part of the drawing is brought within | 

range of visibility and reach Draft-A- 
Matic sharply reduces fatigue and f: 


(Continued on page 38A) 
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Amazingly better than any of the five leading brands 
tested! 


United States Rubber Company technicians tested 
U. S. Royal Master Power Cable against 5 leading 
competitive brands. Here’s the test, and the results: 

A sample of 5 KV unshielded U. S. Royal Master 
Power Cable and 5 other competitive cables were 
each bent into a U-shape, roughly 8 times overall 
diameter. Placed upright on a grounded metal plate, 
a conductor-to-plate potential of 40,000 volts was 
applied. All 5 competitive cables failed within 20 
minutes to 35 hours. The U. S. Cable was still going 
strong after 6000 hours! 


Electrical Wire and Cable Department 


No other cable approaches U. S. Royal Master in 
performance and economy. Order cable from your 
distributor or write Electrical Wire and Cable Dept., 
United States Rubber Company, Rockefeller Center, 
New York 20, N. Y. 


Adequate Wiring can be the two most 
important words in your manufacturing 
economy. Obsolete wiring can cause 
power failure, increase maintenance ex- 
penses and reduce your production. Make sure your 
present wiring is not only adequate for today’s power 
needs, but also sufficient to carry the ever-increasing 
electrical loads required in your future growth. 
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FORD INSTRUMENT 
QUANTIZES 
LIGHT 


Colored lines or spots on a piece of paper can become a means 
of conveying information — Rorschach charts, impressionist 
paintings and survey maps are all visual message carriers. Ford 
Instrument engineers found it necessary to translate such color 
information into electrical or mechanical quantities, (quantiza- 
tion) with less distortion than is inherent in the usual photo- 
graphic techniques. Such quantities can in turn be used as signals 
that actuate computers, make offset plates, and generally put to 
use the information implied by the difference between the colors 
9 the distribution of the colors. 


LIGHT BEAM 


QUANTIZATION EQUIPMENT 


RED ORANGE YELLOW GREEN BLUE 
~~ 
QUANTIZED OUTPUT 
DISTINCT COLOR SEPARATION OR GRAY SHADES 





The quantization performed by Ford is not restricted to color alone. 
For example, a black and white photograph represents an aggre- 
gate of light and dark areas of varying shades, and this display 
must frequently be converted into continuous or discrete electrical 
quantities for various purposes and uses. Ford engineers recently 
developed equipment which can quantize and record the various 
degrees of color, or gray areas in photographic negatives, and to 
correlate this information into usable data. This equipment was 
developed for a classified project — the equipment is unavailable 
for general use — however the technical know-how gained by 
Ford — combined with Ford’s superior production and engineer- 
ing facilities —is available in the creation of light quantizing 
equipment for you. 

Light quantizing is but one of the many facets of Ford Instru- 
ment design and development. For more information about Ford's 
products, services and facilities, write for an illustrated folder. 
Ford engineers will be happy to discuss your problems of control 
with you. 


ua FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 
Beverly Hills, Cal. ° Dayton, Ohio 


Ford’s capabilities are among 
the finest in the country 


Three dimensional cams are used in 
elaborate computing devices to charac- 
terize shell ballistics, magnetic variation, 
or to solve some basic mathematical 
function. Precision in 3-D cams is of 
vital importance. Ford Instrument de- 
signed and built a unique machine that 
can produce extremely accurate cams 
from a skillfully made master. As many 
as two thousand data points are end- 
milled to set precisely the contours of 
the handcut masters. 


Equipment used for defense must un- 
dergo rigorous tests for accuracy and 
dependability in combat. At Ford, en- 
vironmental testing laboratories repro- 
duce extremes of desert or arctic battle, 
shock of warship broadside, salt fogs and 
heavy seas. When flaws have been 
detected and corrected, equipment is 
okayed for volume production and use 
throughout the armed services. 


Typical of Ford Instrument’s 40 years 
of experience in precision control is its 
work in the field of nuclear power. The 
Company, for example, is building the 
control rod drive mechanism for the Sea- 
wolf, second atomic submarine. Reactor 
designs, sensing mechanisms, control 
equipment and systems, nuclear calcula- 
tions, and other specialized equipment 
and abilities are offered by the Company 
to this expanding industry. 
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PROPERTY AND APPLICATION DATA ON THESE 
VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
““ALATHON,” “TEFLON,” “‘LUCITE.” 





Are Resistance of Du Pont Teflon* 
Helps Reduce Generator Maintenance 





Thrust washers of Zytel® 
nylon resin are resilient 


and long wearing 


Toughness, abrasion resistance, good 
bearing characteristics — these prop- 
erties make “‘Zytel”’ nylon resin ideal 
for thrust washers. Tests show that 
on ¥% H.P. motors there is only 
.0002” to .0005” wear on the washers 
in 10,000 hours at 1750 R.P.M. Since 
thrust washers of ‘“‘Zytel” require 
little lubrication, costly thrust lubri- 
cation design can be simplified. 
Sleeve-bearing motors equipped 
with these washers can be operated 


@ Typical application of thrust washer of 
*“Zytel”’ on bearing shaft of 4% H.P. motor. 
Thrust washers ranging from \” to 1” 
available from Cosmo Plastics Co., Cleve- 
land, Ohio. 


in a vertical position as well as 
horizontally. The lightweight washers 
of “‘Zytel” take up the thrust loads 
in any position. Another advantage 
is a reduction in noise and vibration, 


thanks to the lasting resilience of 


“*Zytel’’. 

Perhaps you have a product or pro- 
cess that will be improved by utilizing 
the properties of “‘Zytel” nylon resin. 
Clip and mail the coupon for further 
information. 





General Electric finds insulator sleeves 


of “Teflon” withstand repeated flashovers 


Outstanding success with insulators 
of Du Pont “Teflon” tetrafluoro- 
ethylene resin is reported by the 
Locomotive and Car Equipment 
Department of General Electric. 
Used on the brushholder supports of 
G. E. railroad-type generators, these 
insulator sleeves have performed 
successfully in freight train service 
over the past year. 


Chief advantage of these sleeves is 
their resistance to arcing. Repeated 
flashovers, unavoidable in railroad 
service, have little effect on “Teflon” 
—while former insulators blistered. 
G. E. reports that the new protective 
sleeves tend to be self-cleaning, too, 
thanks to the vaporization of a 
microfilm of “‘Teflon” in the region 
of the arc which provides a clean, 
new surface after each are flashover. 


Easier handling of generators in 
the shop, together with the long 
service life of each sleeve of “‘Teflon’’, 
has made maintenance simpler and 
less costly. 


CAN “TEFLON” HELP YOU? 


“Teflon” offers new opportunities to 
designers of electrical equipment. This 
Du Pont engineering material has an 
unusual combination of properties that 
make it well qualified for insulation in all 
sorts of power equipment. 


HEAT RESISTANCE: “Teflon”  with- 
stands hot-spot temperatures to 500°F. 


POWER FACTOR: “Teflon” has a power 
factor of less than .0005 for the tested range 
of 60 cycles to 108 cycles. 


RESISTANCE TO DETERIORATION: 
“Teflon” is not affected by moisture or 
weather and is inert to all chemicals 
normally found in industry. 

These properties, plus toughness and 
flexibility, are the reasons why “Teflon” is 
finding such wide usage today in tape and 
molded parts for the electrical industry. 
You'll find “Teflon’”’ performing with out- 
standing success in motors, generators, 
transformers, capacitors and various types 
of electronic equipment. 


@ Sleeve of “Teflon” being positioned over the 
insulator on brushholder support. Used in 
high-speed freight train service, these sleeves 
of “Teflon” have contributed greatly to 
lower generator maintenance. 


@ Brushholder sleeve of “Teflon” 
on a G-E motor generator. 
“Teflon” has a high short-time 
dielectric strength, ranging from 
1000 to 2000 volts per mil 
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PROPERTY AND APPLICATION DATA ON THESE 
VERSATILE ENGINEERING MATERIALS: “‘ZYTEL,” 
““ALATHON,” “TEFLON,” “‘LUCITE.”’ 


Conduit fittings of ““Zytel” 


are economical, resist 


galvanic corrosion 


Engineers are finding new ways to 
simplify design and reduce costs by 
substituting parts of “Zytel” nylon 
resin for parts of metal or other 
conventional materials. An outstand- 
ing example of a more efficient design 
is this new conduit fitting molded of 
“Zytel” used to form a tight seal 
where a cable enters a terminal box. 


The U.S. Navy has had success 
with these new conduit fittings. As 
replacements for traditional fittings 





Investigate Du Pont 
engineering materials in your 


product development programs 


One of the family of these versatile 
engineering materials is often a key 
factor in product improvement or new 
product design. 

The wide range of properties avail- 
able with “Alathon’* polyethylene 
resin, “‘Lucite’’* acrylic resin, ““Teflon’’* 
tetrafluoroethylene resin, and ‘‘Zytel’’* 
nylon resin are helping solve industrial 
design problems. 


NEED MORE INFORMATION? 
Clip the coupon for additional data on 
the properties and applications of these 
Du Pont engineering materials. 
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@ Installing a conduit fitting molded of 
“Zytel”. Note component parts in fore- 
ground. Neoprene grommet in_ design 
enables 9 sizes of these fittings to do the job 
of 27 sizes of former metal fittings. Parts of 
“Zytel’” molded by Danielson Mfg. Co., 
Danielson, Conn. 


of metal, the parts of “‘Zytel” offer a 
saving of 80% in weight. This 
amounts to 30-45 tons on an aircraft 
carrier. The nylon fittings are cheaper 
to produce and easier to handle. And 
because of the improved design of 
the new fittings, 9 sizes do the job of 
27 sizes of the old. The Navy esti- 
mates a saving of $31,000 on a 
typical ship with fittings of “Zytel”’. 

““Zytel” is not subject to salt water 
and galvanic corrosion, a frequent 
source of trouble with metal fittings 
aboard ship. Its high impact strength, 
resistance to heat and abrasion, and 
stiffness in thin sections are still other 
advantages important in electrical 
applications. 


E. |. DU PONT DE NEMOURS & CO. (Inc.) POLYCHEMICALS DEPARTMENT 
ROOM 212, Du Pont Building, Wilmington 98, Delaware. 
In Canada: Du Pont Company of Canada, Ltd., P.O. Box 660, Montreal, Quebec 


Please send me more information on the Du Pont engineering materials 


checked: "*Zytel’’; ‘Alathon’’; 


in evaluating these materials for: 


NAME 
COMPANY 
STREET ADDRESS 
CITY 


TYPE OF BUSINESS 


*" Alathon”, “Zytel”, Lucite”, 


“Teflon’’; 


‘Lucite’. | am interested 


POSITION 


Teflon” are registered trade-marks of E.1. du Pont de Nemours & Co. (Inc.) 





Freezer lid of transparent 
Du Pont Lucite® takes 
rough handling and low 
temperatures 


More and more designers of elec- 
trical appliances are taking advantage 
of the beauty and _ performance 
advantages of parts molded of 
“Lucite”. Here is beauty with a 
purpose—optical properties compar- 
able to those of the finest glass in a 
rugged, durable material. 


The lightweight freezer lid pictured 
below is an excellent example of 
“Lucite” on the job. Hundreds of 
times a day crystal-clear lids of this 
design are opened and slammed shut. 
But parts molded of ‘‘Lucite” acrylic 


resin can take hard knocks and stand 
up to low temperatures. Result: the 
lids give long service, keep “‘selling” 
the freezer contents to the shopper. 

“Lucite” has a tensile strength of 
14,500 p.s.i. at 170°F. and a shear 
strength of 9,000 p.s.i. It has excellent 
moisture resistance, and its strength 
and toughness are not affected by 
water vapor or immersion. Low 
thermal conductivity is another ad- 
vantage—‘‘Lucite’”’ compares with 
rubber in this respect. 

You can get full details about 
**Lucite”’ by clipping the coupon on 
this page. We'll send you additional 
data on properties and applications 
that should prove useful to you in 
design applications. Freezer lid mold- 
ed by General Products Co., Central 
Falls, Rhode Island for Savage Arms 
Corporation, Utica, N. Y. 





Experimental model of Bell’s new high-frequency transistor. It has a cut-off 


of at least 500 mc and can be used to amplify 2500 independent voices simultar 


THE TRANSISTOR 
that smashed a frequency barrier 


\ nevi transistor invente d at Be I] economically by any know n method. 
| elephone | aboratories can prov ide | he new diffusion process, how 


broadband, high-frequency amplif ever, easily produces microscopic 


cation neve! before possible with lavers of controllable thickness. 


transistors. The big leap in fre- [hus it opens the way to the broad 


quency is made possible by a dif application of high-frequency tran 


fusion process that earlier enabled sistors for use in telephony, FM, 


Laboratories scientists to create the 
sell Solar Battery. 


r\ ’ guided missiles, electronic 
brains and computers 
This transistor is a 3 laver sem Lhe new transistor shows once 
conductor “sandwich.” High - fre again how Bell Laboratories creates 
quency operation is obtained by significant advances and then de 
making the central layer exceed velops them into ever more useful ; Bell scientist checks t peor ge 


, 
senic vapor diffuses int 


ingly thin. This was difficult todo tools for telephony and the nation 


in. laver 


BELL TELEPHONE LABORATORIES & 


IMPROVING AMERICA’S TELEPHONE SERVICE PROVIDES CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL 
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quent time-outs. The advantages of pos- 
ture chairs now can be enjoyed in the 
drafting room. 


Item 4 on the card. 


Drill Point Gauge. Swanson Manufac- 
turing Company, 1236 Sherman Avenuc, 
Evanston, IIl., has developed an ingenious 


IMMEDIATE DELIVERY tool called the Swanson 4-Way Drill 
Point Gauge which enables anyone to 
measure the chisel point, point angle, and 

ona NEw TUBELESS! 


MAGNETIC AMPLIFIER 


AC LINE 
VOLTAGE REGULATOR 


MODEL MLR - 1000 


1KVA 


vx NO TUBES TO REPLACE 
* NO MOVING PARTS 


: > A sgt Ok clearance angle in a matter of seconds. 
NO VIBRATING CONTACTS 5 cS | oS” & The gauge also includes a point center 
3 we es Sy scale. Made of stainless steel, the drill 

REGULATES RMS VALUE aa tt be oe a oii 2 = point gauge is in the form of two semicir- 
. : cular discs held together at the center by a 

pivot. The bottom disc is 4 inches in 
diameter, and contains 1 degree calibra- 
tions along the rim for measuring any 


Si ecipications chisel point angles from 110° to 135°; 
we) any point angle from 40° to 90°; and any 


Demat P ° ° 
® Input Voltage Range: 95 to 135 volts @ Power Factor Range: 0.5 lagging to 0.9 clearance angle from 0° to 20°. 


@ Output Voltage: Nominal 115 volts. can oamag 


be adjusted from 110 to 120 volts. 


Item 5 on the card. 


Response Time: 0.2 sec. 


® Output Current: 8.5 amperes 
Maximum Load: 1.0 KVA : ? . ee a 
+ 0.25% for any Plug-In Strip. A new line of plug-in 


e Ambient Temperature Range: strip, equipped with an integral raceway 
Up to 45° C. to handle branch circuit conductors, in 
Dimensions: 191%" wide x 11" high x addition to its standard use in providing 

@ Wave Form Distortion: 3% maximum 11%" deep (cabinet) electric outlets, has been announced by the 

19” wide x 10%" high x 11%," deep National Electric Products Corporation, 

(rack panel) Pittsburgh, Pa. Designed as type CF-4 

Mounting: Cabinet or 19” Rack Panel plug-in strip, the new line was developed in 

answer to contractors’ requests for a 

method of running branch circuits, 110- 

Weight: 85 Ibs. and 220-volt service, in the same duct that 

carries the plug-in strip harness. These 

provisions make possible a normal plug-in 
strip installation while providing the ca- 
pacity to handle additional single-phase or 
3-phase load within the limits of the num- 
ber 70 conductors, in accordance with the 


a ‘ ue K N Electrical Code. Underwriters’ Labora- 
ries hav da ad tee i 
ene ee eR SS is tirce number 10 type TW electric 


conductors in the raceway space located 
345 KANSAS ST. EL SEGUNDO, CALIF. PHONE: OREGON 8.7215 


® Regulation Accuracy: 
combination of line or load 


@ Frequency Range: 60 cycles = 10% 





Finish: Gray Hammertone 


WIRE COLLECT TODAY for PRICE QUOTATIONS! 


Write for Bulletin MLR 1000 





(Continued on page 40A) 
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ROEBLING PAPER POWER CABLE 
WITH TELLURIUM LEAD ALLOY SHEATH 





TELLURIUM LEAD ALLOY SHEATHS MEET ALL 
REQUIREMENTS FOR FATIGUE RESISTANCE 


TODAY’S HIGHER TEMPERATURES and increased loads are 
power cable problems met most satisfactorily and economically 
by Roebling Tellurium Lead Alloy Sheath. This sheath has 
absolutely top fatigue resistance; gives vastly increased 
service life despite severe bending stresses and cable 
movement during load cycles. Furthermore, Roebling 
Tellurium Lead Alloy has outstanding stability 

under heat—high temperature incurred at joints, 

terminations and in duct splicing cause no grain 

growth or physical impairment. 


Roebling is unmatched in the breadth of 
its experience with Tellurium Lead 
Alloy Sheath and in the volume of 
cable it has produced with this 
remarkable sheathing. We will 
welcome the opportunity to 

send you Bulletin 205-B 

containing technical data 

on Roebling Tellurium 

Alloy Sheaths. 


| 


Fatigue test of full cable sections — temperature- 
controlled 


fie » Fuel and 5 farnor a 

Subsidiary of The Colorado Fuel and /ron Corporatio 
JOHN A. ROEBLING'S SONS CORPORATION, TRENTON 2, N. J. erRancHes: ATLANTA, 934 AVON AVE. + BOSTON, 11-15 STILLING ST. © CHICAGO, 5525 
W. ROOSEVELT RD. «© CINCINNATI, 3253 FREDONIA AVE. « CLEVELAND, 13225 LAKEWOOD HEIGHTS BLVD. + DENVER, 4801 JACKSON ST. © DETROIT, 915 
FISHER BLOG. «© HOUSTON, 6216 NAVIGATION BLVD. + LOS ANGELES, 5340 ©. HARBOR ST. + NEW YORK, 19 RECTOR BST. + ODESSA, TEXAS, 1920 E. 23ND 


ST. « PHILADELPHIA, 230 VINE ST. + PITTSBURGH, 1723 HENRY W. OLIVER BLOG. + SAN FRANCISCO, 1740 17TH ST. « SEATTLE, 900 
I1STAVE. GS. © TULSA, 321 N. CHEYENNE ST. . EXPORT SALES OFFICE, 19 RECTOR ST.,NEW YORK 6, N. Y- (FI 
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CARBON ...... 


DESIGN, ENGINEERING, 
AND PRODUCTION PROBLEMS 


CARBON 
PUMP VANES 


CARBON 


FOUNDED 1906 


Vanes of Stackpole carbon-graphite 
for automotive rotating pumps are 
low in cost, light in weight and are 
made to close tolerances. Thanks to 
their chemical inertness, self-lubri- 
cating qualities and other factors, 
they are ideally suited for pumping 


air, corrosive chemicals or gases. 


Molded from carbon and graphite 
sometimes balanced with resins or 
metal powders to meet specific oper- 
ating requirements, Stackpole seal 
rings are available in grades, types 
and sizes for almost any need. Re- 
cently developed grades greatly mini- 


mize pitting and blistering. 


Stackpole rods are highly effective 
in avoiding decarburization of metal 
in heat treating by electric salt baths. 
Furnace electrode life is increased 4 
to 6 times. Sludge formation and salt 
“drag out” are minimized, Greater 
fluidity of bath assures much faster, 


completely uniform heating. 
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(Continued from page 38A) 


beneath the standard plug-in _ strip 
assembly. A 3/4-inch knockout at each end 
of a 6-foot strip allows in-and-out accessi- 
bility of additional branch circuit wires 
without special feed fittings. 


Item 6 on the card. 


Magnetic Information Storage Drum. 
Development of a new magnetic informa- 
tion storage drum, model FRA 7/774, has 
been announced by the St. Paul Labora- 
tory, Remington Rand Univac Division, 
Sperry Rand Corporation, 1902 West 
Minnehaha Avenue, St. Paul, Minn 
his drum, the sixth in the Univac stand- 
ard line, has a capacity of 42,000 binary 
digits (bits of information) and a nominal 
speed of 3,550 rpm. Magnetic drums are 
designed for storage of information with 
computer elements such as _ digitizers, 
punched cards or tapes, magnetic tapes, 
electric typewriters, high-speed printers, 
and graphic display platters Univac 
ERA 11174 drums have noncontact record- 
ing and playback, alterable yet nonvola- 
tile storage, random access, and uniform 
long-life performance. Information on 
over 20 information tracks are stored by 


means of magnetized spots or binary 
digits. It has a vertically mounted, inte- 
gral drive motor, and is constructed to 
withstand extreme environmental condi- 


(Continued on page 44A 
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Sacer 


Solent 


Greater current-carrying capacity of Type AB butyl high-voltage cable helps users cut costs, use new or existing facilities more efficiently. 


Cable that 


Current Rating -Amperes 


AWG 642 Yo % % 
MCM O 100 200 300 400 500 


Conductor Size 
rating of 


85C OPERATING TEMPERATURE 
Anaconda Type AB c ible affords 22% more 
current-carrying capacity than 70C rated 
materials, 


Now you can obtain the same amount 
of current with a smaller cable... 
or more current with the same size 
cable —with Anaconda’s Type AB 
butyl high-voltage insulation. 

For Anaconda Type AB butyl-in- 
sulated cable is recommended for 
operation at 85C operating tempera- 
ture. Industry specifications recom- 
mend 70C for oil-base insulations. 
Thus, as the curves on the chart 


takes the squeeze out of crowded conduits 


more 


show, Type AB delivers 22% 
and 


current-carrying capacity... 
more amps per dollar. 

New Engineering Bulletin EB-27 
gives you full details on performance 
of Type AB insulation in 15 Industry 
Specification Tests. Ask the Man from 
Anaconda for your copy. Or write: 
Anaconda Wire & Cable Company, 


25 Broadway, New York 4, New York. 


SEE THE MAN FROM ANACON DA 


—pioneer in BUTYL INSULATION 
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Another new development using 


B. F. Goodrich Chemical -==-:-- 


These ducts are made by Taylor Electric, 
Inc., Detroit 23, Mich. The B. F. Goodrich Chemical 


Company supplies only the Geon polyvinyl materials, 


NEW DUCT MADE FROM GEON 


gives Safer, faster, better-looking harness installations 


LECTRICAL harness wires are 
installed three times faster with 
this new duct made of Geon rigid 
vinyl resin. You lay the wires in 
the duct, slip in retaining clips, run 
wires out any of the punched holes 
to their connections, snap on the 
cover, and you’re in business. 
Geon rigid vinyl is ideally suited 
for this job because it protects the 
wires from fire, chemical action 
and abrasion. The new duct is a 
safe, quick way to wire a control 


panel and makes re-wiring a matter 
of minutes by eliminating unlacing 
and re-lacing bundled wires. 
Rigid sheeting made from Geon 
can be formed into many shapes. 
It has high impact strength, high 
dielectric qualities, cuts easily — 
reasons why Geon is taking over 
with new applications every day. 
Perhaps the versatile qualities of 
Geon can help you solve some pro- 
duction or cost problem. For tech- 
nical information about Geon and 


its applications, write Department 
DH-1 B. F. Goodrich Chemical 
Company, Rose Building, Cleveland 
15, Ohio. Cable address: Good- 
chemco. In Canada: Kitchener, Ont. 


Pobpingl Meitriala 


GEON RESINS « GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable. 


GEON polyvinyl materials « HYCAR American rubber and latex e GOOD-RITE chemicals and plasticizers ¢e HARMON colors 


424A 
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Tension Control Problems? 


Dynamatic’s Long Experience in Solving 
Industrial Windup and Unwind Problems 
will be Valuable to You 


Dy namstic Eddy-Current Drives with tension con- 
trols are used extensively in the fields of paper, 
rubber, textiles, ferrous and non-ferrous metals, 


plastics, and printing. 





Combined with associated controls, Dynamatic 
Eddy-Current Drives provide automatic constant 
tension as the roll diameter changes on center re- 
winds and unwinds. Constant tension is maintained 
over a wide range of material delivery speeds with- 
out the use of dancer or follower rolls. Controls 
may be adjusted for tapered tension to increase or 
decrease tension automatically as the roll changes 


diameter. 


Multi-range tension or tension adjustment over a 
wide range is easily accomplished at the operator's 


Metal slitter powered by Dynamatic Drives. Adjustable speed station to accommodate materials of various thick- 


liquid cooled coupling used as main drive; Ajusto-Spede®™ Drives, 


with conciant tension contol, wind up the metal stdibe. nesses or widths. Control modifications are available 


to provide for inertia compensation and other indi- 
vidual requirements. Dynamatic engineers are avail- 


able for consultation on your problems. 


Bulletins giving detailed 
Cc Cc 
information on 
Dynamatic Tension Control 


will be sent free at your request. 


Completely Dyr tic driven paper super-calender. Adjustable 
speed liquid cooled couplings with Eddy-Current brakes drive the 
calender rolls and center rewinder. Dynamatic liquid cooled brake 
provides center unwind hold-back. Co-ordinated controls provide 
for wide-range adjustment of speed and tension. 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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PRECISION 


ATTENUATION 


TO 3000 me! 


six - position 
TURRET ATTENUATOR 
featuring PULL-TURN-PUSH action 


FREQUENCY RANGE: de to 3000 me. 
CHARACTERISTIC IMPEDANCE: 50 ohms. 
CONNECTORS: Type “N” Coaxial female fit- 
tings each end. 

AVAILABLE ATTENUATION: Any value from 
1 db to 60 db. 

VSWR: 1.2 max., de to 3000 mc/s, values from 
10 to 60 db. As value decreases below 10 db, 
VSWR increases to not over 1.5. 

ACCURACY: 0.5 db. 

POWER RATING: One watt sine wave power 
dissipation. 


Protected under Stoddart Patents 


SINGLE “IN-THE-LINE” ATTENUATOR PADS 


and 50 ohm COAXIAL TERMINATIONS 


This new group of pads and terminations features 
the popular Type C and Type N connectors, and 
permits any conceivable combination of the two 
styles. For example, the two connector types, either 
male or female, can be mounted on the same atten- 
vator pad, with or without flanges, so that it may 
serve as an adapter as well as an attenuator. 
Frequency range, impedance, attenuation, VSWR, 
accuracy and power rating are as designated 
above. Send for free bulletin entitled ‘“Measure- 


” 


ment of RF Attenuation. 


STODDART 


6644-B SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA 


elaaaelimaelellonaoMm ile 
HOLLYWOOD 4.9294 
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New Products 


(Continued from page 40A) 


tions. Detailed information and complete 
specifications on the new Magnetic Stor- 
age drum model ERA 7774 and other units 
manufactured by the firm are available. 


Item 7 on the card. 


Visual Monitor. Century Electronics and 
Instruments model 20 visual monitor com- 
bines 24 moving-spot, light-beam galva- 
nometers in one package, 7 by 5 by 63/, 
inches, weighing less than 13.5 pounds, to 
permit simultaneous graphic display of 
24 separate electrical signals on a single 
3- by 4-inch ground glass screen. The 
model 20 monitor represents the ideal way 
to view the outputs of a series of thermo- 
couples, pressure transducers, strain gauges, 
or other similar signal sources, Use of 
low-period galvanometers and a long-path 
optical system permits presentation of 
electrical signals up to 42 cycles per 
second with only 80 microamperes required 
for full-scale deflection. Spot intensity is 
sufficient to permit photography in photo 
panel displays or for viewing under con- 
ditions of high incident light. The model 
20 visual monitor is self-contained, and 
may be shockmounted for use where 
extreme conditions of shock and vibration 
are encountered. For operation from 
22-28 volts a-c/d-c at 1.5amperes. Write 
for Century Catalogue CGC-309. Century 
Electronics and Instruments, Inc., Tulsa, 
Okla. 


Item 8 on the card. 


Electronic Scales Make Weights Records 
Remotely. A new digital-scanning elec- 
tronic unit has been announced by Toledo 
Scale Company that transmits weights to 
the user’s remotely located tabulating card 
punches, adding machines, and other data 
handling devices. A Toledo Scale Com- 
pany development achieves a long-sought 
goal by bridging electronically the gap 
between the indication of a weight by the 
rotary movement of an indicator on a 
graduated dial, and the recording or indi- 
cating of this weight automatically in 
digital or numerical form at any remote 
location. The achievement in the field 
of weighing is comparable to breaking 
through the sound barrier in aviation. It 
means that weight data is no longer limited 
either to close proximity to the point of 
origin, or limited in the type of indication 
or recording. ,Weights can now go any- 
where and be reproduced accurately in 
almost any form—tabulated, added, re- 
corded, or indicated in digital form. 
Equally important, it is said, the digital 
conversion is achieved with maintenance 
of the normal accuracy of the original, with- 
out the electrical drift, nonlinearity, and 
friction errors that were barriers to earlier 
efforts. The basic element consists of a 
motor-driven light source that scans the 
lines exposed on a special chart. The out- 
put is a series of electrical pulses that pass 
through an electronic counter and trans- 
lator to the remote recording or indicating 


(Continued on page 46A) 
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For greater economy... 
wider design flexibility... 


UNEXCELLED PERFORMANCE! 


Up to 


30% 


SMALLER 


Miniaturized Hi-Voltage 
QUALITY CARTRIDGE RECTIFIERS BY 


International 


Meniatastatied enter the The higher voltage ratings of International selenium rectifier cells 
United States Army Signal Corps result in a 30% shorter length cartridge! These miniature-size 
Reduced Inspection rectifiers permit greater design freedom where space is at a pre- 
Quality Assurance Program mium. They are available in numerous terminal types, circuits, 
cell sizes and protective coatings to meet your specific needs. 
International—leader in the field—sells more selenium cartridge 
rectifiers than all other manufacturers combined! As a result, 
your special cartridge rectifier requirements may be standard at 
deiutibmsmananes Qo ‘icenend ies International. A wire, letter or phone call will bring immediate 


and experienced recommendations for your application. 


international Rectifier 


CORP ORATIEON 


EXECUTIVE OFFICES: 152! E. GRAND AVENUE. EL SE INDO, CALIFORNIA * PHONE OREGON 8-628! 
NEW YORK. 501 MAD N AVE.. PLAZ 942 * CHICAGO: 205 W. WACKER DR.. FRANKLIN 2-3889 
N CANADA ATLAS RADIO RP Tc 5 WINGOLOD AVE w TORONTO, ONTAR ~ 1-6 4 


WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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New Products 
(Continued from page 44A) 


device. It can be applied to the current 
types of Toledo industrial dial scales. 


Item 9 on the card. 


Control Box. A new Lynco control box, 
CB-7, designed for accurate electronic 
control of any drilling depths desired for 
the Lynmatic 707 drill head on one com- 
plete cycle is now available. The CB-7 is 
valved in such a manner as to permit 
simultaneous control of up to 4 Lynmatic 
707 units, even those having different hole 
depth requirements. The control box is 
wired to permit remote inauguration of 
operations by the operator, machine, by 
cam, etc., and continuous cycling can be 
obtained simply by plugging in the Lynco 
Timer. The CB-7 control box works 
equally well where the control of sequence 
operations of single acting air cylinders 
becomes advantageous in tooling and pro- 
duction. The control box is manufac- 
tured by Lynco, Inc., Los Angeles, Calif., 
and distributed by Burklyn Company, 
3429 Glendale Boulevard, Los Angeles. 


Item 10 on the card. 


High-Speed Tape Duplicator. A _high- 
speed tape duplicator which copies both 
single- and dual-track tapes previously 
recorded at 33/,, 71/2, or 15 inches per 
second has been developed by the Presto 
Recording Corporation, Paramus, N. J. 
The unit, designated Presto DA-77 tape 
duplicator, operates at a speed of 60 
inches per second, materially reducing 
time required to duplicate a recorded 
tape. The basic DA-77 duplicator con- 
sists of a tape reproducer to play back the 
master tape and a recorder which copies 
the playback output on new magnetic 
tape. A number of “slave” recorders may 
be fed from a single ‘‘master’”’ reproducer. 


Item 11 on the card. 


“Thumb-Size” Microphone. The small- 
est dynamic microphone ever developed 
for radio and television broadcasting—a 
“thumb-size”” Radio Corporation of Amer- 
ica (RCA) device which weighs 2.3 
ounces—was placed on the market by the 
broadcast and television equipment de- 
partment. The miniature microphone is 
so small that it can be completely con- 
cealed in the hand, worn around a per- 
former’s neck, or clipped to lapel or dress. 
Designed for walk-around operation, the 
new microphone BK-6B promises _per- 
formers greater flexibility and freedom of 
movement in interviews, audience partici- 
pation, panel, and similar types of “‘off- 
mike’’ shows. 


item 12 on the card. 


Transformers. A new addition to the 
line of oil-filled transformers designated as 
type LS has been put into production by 
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TWEW SERVICE ENTRANCE CABLE 


FROM KAISER ALUMINUM! 





Provides initial material savings over cop- 

per. Lower cost combined with advantages 

in handling and installation means you realize new 
benefits when you specify Kaiser Aluminum Service 
Entrance Cable, Type SE—Style U. 


Increased service capacity for adequate wiring. Be- 
cause of its substantially lower cost, aluminum permits 
you to increase service capacity without increasing 
costs. As a result, service entrance construction in your 
adequate wiring program can be accomplished at less 
expense. 


Eliminates bi-metallic connectors at weatherhead. 
There is no need to join service entrance cable and serv- 
ice drop cable with expensive bi-metallic connectors 
when you specify aluminum for both constructions. 


Neoprene covering provides superior protection. Kaiser 
Aluminum Service Entrance Cable gives you neoprene 
jacketed construction at no extra cost over the usual 
braid covered cable. In areas where requirements per- 
mit, this cable may be used without conduit attached to 
the sides of buildings and through walls. In addition, 
the neoprene jacket can be painted, will not mar siding, 
and is far neater in appearance than braid covers. Un- 
like braid, neoprene withstands rough handling without 
breaking. 


Can be used as service drop to eliminate weatherhead 
Kaiser Aluminum Service Entrance Cable is light 
enough to be used as a service drop cable, if desired, to 
eliminate splices at the weatherhead. Also, where at- 
tachments to buildings are low because of house design, 
this new cable meets National Electric Code require- 
ments for minimum clearance. 


Available in many constructions. New Kaiser Alumi- 
num Service Entrance Cable is available solid and 
stranded in two- and three-conductor cables. AWG Sizes 
10, 8, 6, 4, 2 and 1, with neutral conductor equal to or 
two sizes smaller than power conductors. These con- 
structions exceed the Underwriter’s Laboratory stand- 
ards for rubber covered wires and cable. 


For more information, contact any Kaiser Aluminum 
sales office or one of our many distributors. Kaiser Alu- 
minum & Chemical Sales, Inc., General Sales Office, 
Palmolive Bldg., Chicago 11, Illinois; Executive Office, 
Kaiser Bldg., Oakland 12, California. 


%. Kaiser Aluminum 


The nation’s largest producer of triplex and aluminum weatherproof conductor 





ACSR ARMORED 
ALL-ALUMINUM SERVICE 
OR AAAC DROP 


WEATHERPROOF DUPLEX QUADRUPLEX TRIPLEX 


NEOPRENE + POLYETHYLENE + "TWO-SHOT" 
SOLID OR STRANDED AAC 
ACSR OR AAAC (ALL ALUMINUM ALLOY CONDUCTOR) 





BUILDING 


SERVICE BUS CONDUCTOR 
WIRE ENTRANCE 


CABLE RECTANGULAR + TUBULAR + SOLID 
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mpress it... 
a- then 
forget it! 


KEARNEY SQUEEZON CONNECTORS 


Assure Long-Lasting, High-Conductivity Joints 


This SQUEEZON makes tight contact with about 1JOO% more 
conductor surface. Notice how each conductor fits into its own 
groove...how it is gripped around its entire circumference. Not 
only does this assure maximum conductivity ...it also prevents 









any possibility of strand-cutting. 


The metal between the two grooves forms KEARNEY’S famous 
“built-in spacer."’ It provides a metallic barrier necessary to pre- 


vent and withstand electrolytic action. 






Trouble is prevented ‘before it can start. Here is a compression 


connector that really ‘‘connects 'em for keeps!” 












JAMES R. KEARNEY CORPORATION + 4224-42 CLAYTON AVE., ST. LOUIS 10, MO. + Canadian Plant: GUELPH, ONTARIO 
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...8ervice entrance sleeves 


for fast, neat and depend- aes ...heavy walled with extended contact 
able service loop connec- ee areas to make stable connections under 
tions...for all combinations - all load conditions for any combination of 
of ACSR, aluminum and %e ACSR or aluminum and copper in sizes 
copper conductors. — from 1/0 to 400 Mcm. Only two die sizes 
oe are required to install the complete range 

of sizes of T-Taps. 





TERMINAL _ ' »> DEAD ENDS 
ADA PTERS : ; ... Standard aluminum or copper Squeezon 


ee j connectors make excellent high strength, 
. . eliminate problems : : XY low cost dead ends at either the pole or 
in connecting aluminum = | house end of secondary lines and service 
conductors to bronze a A , drops. They are easy to install and make 
or copper terminals of — , a much neater appearing job than other 
equipment..The alumi- Sas methods. Depending on the holding 
num sleeve is factory ere strength desired, from one to three 
bonded to a length of , Squeezons may be used. Three 
soft copper wire... plas- : Squeezons in series will, in general, 
tic covered for greater SSS develop the full rated strength of 
protection. copper or ACSR. 





L-TAPS GROUND ROD 
...recommended SQUEEZONS 


for safely connect- 4 

ing copper to alu- , = ...improve circuit safety by eliminating open 

minum—either : 5 3 grounds and ground wire burn-offs caused by 
line side or tap side—in locations where eee loose clamps. Squeezons have no screws or bolts 
atmospheric contaminants will physi- to loosen. The dies form the fitting so that 
cally bridge the spacers of Squeezon & there is constant pressure on wire and rod, 
connectors. The long heavy walled run : placing all transfer surfaces in permanent low 
section securely grips the line wire. : resistance contact—safe for buried installations. 
The bore for the tap wire contains : ~~) $ The fittings are made of pure copper for highest 
Kearnalene and is capped. P . = conductivity, and forged for maximum strength 








CONNECTORS 
FIELD TESTED 


Here at KEARNEY’S 445,000 KVA Substa- 
tion Laboratory all equipment is tested under 
rigorous field conditions. KEARNEY Certified 
Ratings are actual, proved performance ratings 
. . not just theoretical calculations. You can be 
sure they will do the job they are supposed 
to do...with a generous margin of safety! 








for BETTER CONSTRUCTION 
SAFER MAINTENANCE 
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. VERY LOW FREQUENCIES !°- 


wields eiguvounlich 
ot AN/URM-68 


radto emearin :. e m0 
WIARKARALIGAEE © racting laboratory standard 
and 
field 


-intensity* 


MEASURING EQUIPMENT 


Stoddart RI-FIi* meters 


cover the frequency range bt ; ; 
l4ke to 1000 me dintines. tains 


dripproof construction allows 


HF ¢ ‘ ie 
NM.20B, 150ke to 25me long periods of operation in 
Commercial Equivalent of AN/PRM-1A driving rain or snow without © 


Selb-contelned betete. AC. ancl adverse effects. 
optional. Include standard broodcast ‘ 


com- 


me i 7a MENTS . . - The ac power supply 
Hos BFO permits operation from either 


VHF 15 oa 


NM-30A, 20mc to 400mc volts ac, at any frequency — 


Commercial Equivalent of AN/URM-47 between 50 cps and 1600 cps. ce 


Frequency range includes FM and TV 
bands 


UHF 

NM-50A, 375mc to 1000mc 
Commercial Equivalent of AN/URM-17 
Frequency range includes Citizen's band 
ond UHF color TV band 


A 


STODDA R B MlclidddclildelslloaoMelile 


6644-B SANTA MONICA BLVD.. HOLLYWOOD 38, CALIFORNIA - HOLLYWOOD 
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New Products 
(Continued from page 46A) 


the Marcus Transformer Company of 
Rahway, N. J. The capacity of these 
units ranges from 100 kva to 5,000 kva. 
The rating of this transformer is 100 kva, 
class OA, 55-C rise, 1-phase, 60 cycles, 
33,000 volts with 2—2'/, per cent taps above 
and below, to 2,400/4,160 volts. This 
Marcus transformer features “‘pencil-slim” 
high-voltage bushings. Outstanding ad- 
vances in transformer design result in a 
unit that is smaller not by inches, but feet. 


Item 13 on the card. 


Power Transistors. A new series of 
power transistors featuring high-power gain 
and uniformity of characteristics has been 
developed by CBS-Hytron, Division of 
Columbia Broadcasting System, Inc., Dan- 
vers, Mass. Four variations, offering a 
wide range of current gain and operating 
supply voltage, permit a versatility of 
circuit design. Efficient head dissipation 
is an outstanding feature of these units. 
A copper base, bolted to the chassis, allows 
the heat to flow from the power transistor 
to the chassis, thus providing a large area 
of heat radiation. A pair of 2N756-type 
power transistors in a radio receiver can 
furnish 8.5 watts of audio power output to 
the loudspeaker with less than 85 milli- 
watts of drive power input. The 2N755, 
2N156, 2N157, and 2N158 types are high- 
power P-N-P germanium-alloy junction 
transistors, featuring uniformity of input 
characteristics, and excellent reliability. 
Their electrical characteristics include 
high gain at high-current levels, and low 
saturation currents. In addition to audio 
applications, they are ideally suited for 
use in servo amplifiers, power converters, 
and low-speed switching circuits. 


tem 14 on the card. 


Motor-Generator Sets. Fractional horse- 
power motor-generator sets, in frame 
sizes 44, 66, and 74, are available from the 
General Electric Company’s specialty 
component motor department, Schenec- 
tady, N.Y. Recommended as an inexpen- 
sive and reliable means of obtaining direct 
current from an a-c power source, the units 
are used as a power supply for product 
testing in plant laboratories, as power 
supply for variable-speed motors, and as 
self-contained exciters of larger units. 
They are also used to supply energy for 
such industrial devices as magnetic chucks. 
Continuous operation at rated load is 
made possible by a ventilating system, 
incorporating a fan on the shaft between 
units. Designated as type LB motor- 
generator sets, the compound-wound units 
are of dripproof ball-bearing solid-base 
design 


Item 15 on the card. 


A-C Voltmeters. Standard models of 
expanded scale a-c voltmeters for panel 
mounting are now available from stock, 


(Continued on page 54A) 
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1C70k expands plant area 2O% 


8. 


TO MEET INCREASED INSULATOR DEMAND 


Sixty-three years ago the manufacture of wet process por- 
celain insulators began at VICTOR. Since then, the plant 
facilities at VICTOR have had to expand continually to 
meet increased demand. In fact, during the last seven years 
alone, VICTOR has had to enlarge its plant area 20% to 
provide greater facilities for switch and bus insulator, bush- 
ing and special porcelain manufacture, raw material storage, 
for new ceramic and electrical laboratories and in-plant 
loading docks. VICTOR’S modern plant, engineering and 
research facilities are unsurpassed in the industry! You just 
can’t buy better insulators! 


SPECIFY 
| Sabbasbat-to Me ade} acel-Ji-bbal 


Insulators! 


VICTOR INSULATORS DIVISION 
a T-E CIRCUIT BREAKER C 
VICTOR, N. ¥. 


Low and High Voltage Pintypes + Suspensions « Guy Strains 
Spools + Switch and Bus Insulators + Custom Designed Porcelain 


‘BETTER INSULATORS THROUGH RESEARCH”’ sesidaisue Tei laaciaen 
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Suppliers Check...But Allis- 
to Assure 





! 


- eer 


«ag? 


Suppliers Meet Rigid Specifications which 
are set by Allis-Chalmers engineers and 
checked by personal visits to supplier plants. 
Even so, additional tests are made when 
insulating material arrives at an A-C trans- 
former plant. It is first checked visually and 
checked with micrometer to make sure exact 
dimensional requirements have been met. 























Random Samples are Carefully Analyzed 

before stocking. At left, breakdown test deter- 

mines whether material meets requirements. 

Center, power factor test is being made on Kraft 

paper. Other tests include tests for aging, flexi- For information on these or other 
bility, and oil proofness. At right, an insulating Allis-Chalmers double-checks for trans- 
rod is being checked for tensile strength before former quality, call the A-C office 
the shipment is sent to stock. If all or part of nearest you or write Allis-Chalmers, 
a shipment fails to meet any of these tests, it Milwaukee 1, Wisconsin. 
may be returned to the supplier immediately. 


A-4763 


ALLIS- 
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Chalmers Double Checks 
Insulation Quality 


Utmost Dielectric Strength is Assured through use of 
degassed oil. Above, power factor test is made after 
transformer is tanked. Finally, below, completed trans- 
former is given standard NEMA and ASA dielectric tests. 


Tests Continue During 
Manufacture. Above: Insu- 
lation resistance tests are 
made on Windings in oven 
before assembly is begun. 
After assembly, before it is 
immersed in oil, further re- 
sistance and power factor 
tests are made. 











Oil is Degassed to secure thorough 
impregnation of insulation in special 
degassing equipment shown above. 
Oil is heated, sprayed into a vacuum 
chamber by high pressure jets which 
atomize it. Air dissolved in oil is 
then removed by low vacuum. 




















































































































Announcing... 


HVYS0OL 6600 


An outstanding 

new epoxy casting 
resin for transformers 
for electronics, instru- 
ment transformers, 


power bushings and 


related equipment. 


Especially Developed for 
MIL-T-27A Specification 


HYSOL 6600 is the result of over two years’ 
development and evaluation in our own and gov- 
ernment laboratories. In addition, it has been 
economically used in commercial transformer pro- 
duction with excellent results. 


Write today for the HYSOL 6600 Technical 
Data Bulletin and samples. 


tes Ro, Houghton Laboratories 
manufactures complete 
lines of Electrical Insulat- 
ing Materials, Adhesives 
and Sealants, Tooling Ma- 
terials, and cast products 
such as rod, sheet, and 
tube. 


FIRST IN EPOXY COMPOUNDING 


HOUGHTON LABORATORIES, INC. 


105 BUSH STREET, OLEAN, NEW YORK 
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according to the Arga Division, Beckman 
Instruments, Inc., South Pasadena, Calif. 
This new voltmeter expands the useful 
portion of the conventional scale. Stand- 
ard scales and accuracies are listed as: 
a-c meters read rms; maximum error 
caused by harmonics: 0.004-volt x volt- 
span X per-cent-harmonic content; a-c 
frequency range: 50-2,000 cycles per 
second; power consumption: between 1 
and 2 watts, depending on span. 


Item 16 on the card, 


Return Spring for Solenoids. An adjust- 
able return spring is now available on two 
basic models of Ledex rotary solenoids. 
It permits minute spring-torsion adjust- 
ments; any return spring torque can be 
set within the limits of the spring design. 
The scroll-type return spring is installed 
in a movable retainer ring. Fine adjust- 
ments of spring torsion are accomplished 
by rotating the retainer ring to the proper 
position, after which it is locked in place 
by a set screw. Mounting dimension and 
standard torsion-spring values are listed 
in a new bulletin available from G. H. 
Leland, Inc., 123 Webster Street, Dayton, 
Ohio. 


item 17 on the card. 


Airborne Radioactivity Recorder. The 
first available walk-in trailer-mounted air- 
monitor system with moving filter paper 
tape for measuring and recording airborne 
radioactivity has been introduced by 
Nuclear Measurements Corp., 2460 N. 
Arlington Avenue, Indianapolis, Ind. The 
system is designed for use by industrial 
plants, institutions, utilities, Government 
units, and research and laboratory groups, 
working with radioactive materials or 
engaged in nuclear or defense activities. 
This AM-5 model operates automatically 
for periods from 7 to 10 days, unattended, 
providing a permanent continuous record 
of radioactivity in the area, plus complete 
recorded weather data, if desired. Air is 
drawn through a vent on top of the trailer. 
Radioactive particles are deposited on 
continuously moving filter paper in the 
detection chamber. The level of radio- 
activity is then recorded on a continuous 
chart. Basic detecting units of the system 
are a gammaz-sensitive scintillation counter 
and a Geiger-Mueller counter, well shielded 
for maximum sensitivity. Nuclear Meas- 
urements Corporation also builds mobile 
and stationary air monitors. 


Item 18 on the card. 


New Ratio Recorder. The Phoenix Pre- 
cision Instrument Company, Inc., Phila- 
delphia, Pa., has announced a new 
recorder equipped with a dual scale: one 
scale, used for normal recording, is gradu- 
ated 0 to 100 over the central 10 inches; 
the other scale, used for ratio recording, is 
graduated 0 to 100 over 11 inches. When 


(Continued on page 58A) 
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germanium power rectifie 


The benefits of Federal’s exacting standards of 
fabrication and testing are now within reach 

of every user of germanium rectifiers. Federal 
craftsmanship assures at least 20% lower reverse 
current than the RETMA specifications for every 
IN91,1N92, and IN93 rectifier. 

FEDERAL, pioneer developer and manufacturer of 
semi-conductor products, has just completed a 
major expansion of its germanium rectifier 
production facilities ... NOW, production 


quantities of diffused junction rectifiers are types: IN91 + IN92 + IN93 + IN368 
available for general industrial use. '@ 

ELECTRICAL RATINGS 
(based on 55° C ambient T., resistive loads, 60 cycle input) 


CHARACTERISTIC N91 IN92 IN93 Dynamic Voltage-Current Choracteristics 
Peak Inverse Voltage, Max. (volts) 100 200 300 of IN92 (at 55°C., 60 Cycles) 


RMS Input Voltage (volts) 70 140 210 


RMS Input Voltage 
(capacitive load) (volts) 35 70 105 


DC Output Current, Max. (ma.) 150 100 75 


*Leakage Current at Rated Peak FEDERAL 
Inverse Voltage (ma) (Retma Limits) *2.7 &1.9 *t2 RETMA 


PEAK FORWARD CURRENT (AMPS) 
257 





*Limits established by Federal assure ot least 20% less leakage. iil ii 


; IN368 Designed for magnetic amplifier and blocking applica- 
100% OF FEDERAL GERMANIUM RECTIFIER tions where very high forward-to-reverse current ratios and high 
PRODUCTION IS 100% TESTED efficiencies are required. Meets all RETMA specifications! 


For more information about Federal Germanium 

Diffused Junction Power Rectifiers call Nutley 2-3600, IN368 ELECTRICAL RATINGS 
or write to Dept. F-715. Maximum Peak Inverse Voltage 

Maximum DC Output Current 

RMS Voltage 

Continuous Reverse Working Voltage 

Max. Leakage Current at 150 Volts Reverse DC ... . 300 microamps DC 























Federal Telephone and Radio Company 
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
COMPONENTS DIVISION + 100 KINGSLAND ROAD « CLIFTON, N. J. 


In Canada: Standard Telephones ond Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q, 
Export Distributors: International Standard Electric Corp., 67 Broad St.. New York 
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for the new 

Sylvania Television 

Plant... 
UPTEGRAFF 


Three steps of power transformation in the 
new Sylvania Television Plant are supplied 
entirely by Uptegraff transformers. From the 
2500 KVA power transformer shown at the 
left to the 120-volt lighting transformers shown 
on the page at the right, electric power is dis- 
tributed by Uptegraff units. 

Located in Batavia, New York, this is one 
of the world’s largest and most modern tele- 
vision plants. Advanced engineering practices 
are employed throughout, to provide the ulti- 
mate in production facilities. The selection of 
Uptegraff transformers for this vital function 
of providing all the electricity for power and 
lighting is a tribute to the high quality and 
dependability of this equipment. 

The power transformer is liquid-filled, rated 
at 2500 KVA, 34,400-4160 volts. The distribu- 
tion transformers are dry-type air-cooled units, 
rated at 750, 300, 225 and 112’ KVA. In all, 
seven Uptegraff transformers are in service in 
this plant. 

Uptegraff makes Power, Distribution, Instru- 
ment and Specialty transformers. Sizes are 
from 0.1 KVA to 10,000 KVA, 115 KV. De- 
signed and built to meet or exceed all appli- 
cable NEMA, AIEE, ASA and other standards. 








Electrical Contractor: 

FERGUSON ELECTRIC CONSTRUCTION CO., 
Buffalo, N.Y. 

Consulting Engineer: 

J. FRUCHTBAUM, Buffalo, N.Y. 

General Contractor: 

JOHN W. COWPER CO., INC., Buffalo, N.Y 
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Shown here (left and right) are two of the 
four Uptegraff dry-type transformers used 
to provide both power and lighting current 
from the same distribution system, thus 
avoiding the duplication of units, common 
in the past. Two of the transformers are 
750 KVA, and two are 300 KVA. All four 
are fed by 4160 volt circuits, and have 
480Y/277 volt secondaries. 


At the left is shown one of the Uptegraff 
dry-type transformers that provide 120- 
volt power. Two of these transformers are 
used, one being a 225 KVA unit, and the 
other 112% KVA. Both have 480-volt 
primaries and 208Y/120 secondaries. 


The photograph at the right shows how the 
dry-type Uptegraff transformers can be 
installed wherever desired, without vaults 
or other enclosures. This permits trans- 
formers to be safely located near the 
center of power usage, thus avoiding long 
costly runs of low-voltage circuits. 
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IMMEDIATELY 


AVAILABLE 


FROM STOCK... -" 
magnetic servo 
amplifier series 





Ll iime MA-6-400 Bima i2) 


MAGNETIC MODELS 
MAGNESTAT 400 cps Series 


SERVO AMPLIFIER 


iii 6h sO «105-325 VAC MA-3-400 
SERIAL OUTPUT MA-6-400 
MAGNETIC RESEARCH CORP. MA-10-400 


EL SEGUNDO 





CALIFORNIA MA-15-400 
MA-18-400 
MA-40-400 


Shown above Model MA-6-400 
Actual size: 2-9/16”" x 1-3/4" x 1-7/16". Wt. less than 12 oz. 
Hermetically Sealed ¢ 7-Pin Header 


This complete series of precisely engineered Magnetic Servo Amplifiers 
is immediately available from stock, as standard components for servo 
systems application. Furnishes in compact form all the salient features of 
a high quality, hermetically sealed transformer. 


OUTSTANDING PERFORMANCE 
CHARACTERISTICS... 


¢ Sinusoidal Phase 
Reversing Output 

¢ Transistor or Tube Con- 
trol... AC or DC Input 

¢ Ambient Temperature 
Range —55°C. 
to + 100°C. 

© Low Cost, Rugged, 
Compact, Efficient, 
Long Service Life 

Meets Military 
Specifications 


MAGNETIC SERVO 


400 cps Models * 
MA-3-400 
MA-6-400 
MA-10-400 
MA-15-400 
MA-18-400 
MA-40-400 


TYPICAL CIRCUIT - TRANSISTOR CONTROL 


8 














AMPLIFIER SERIES 


Applications 
MK-14 (3-watt) 
MK-7 (6-watt) 
MK-8 (10-watt) 
16-watt 

18-watt 

40-watt 


® Equivalent 60 cps Series also available 


If you are confronted with circuitry design or engineering problems 
involving magnetic components for servo system or other application, 
your inquiry directed to our engineering staff for information will receive 
prompt, courteous attention. 


For complete technical data and performance curves... 
request Engineering Bulletin on Magnetic Servo Amplifier Series. 
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the recorder selector switch is in the nd;mal 
record position, the instrument is essen- 
tially asingle-pen strip chart recorder having 
a full-scale sensitivity as low as 5 millivolts. 
When the recorder selector switch is placed 
in the ratio record position, the recorder 
will automatically ratio any two d-c 
signals, allowing a continuous ratio record- 
ing to be made with a single pen. The 
reciprocal of the ratio may be read at any 
time by reversing the recorder inputs. 
The recorder is capable of operating with 
high- or low-impedance input circuits. 
Therefore, outputs from electric trans- 
ducers or any other electric-signal source 
for pressure, temperature, force, etc. may 
be ratioed with this recorder. 


item 19 on the card. 


Radiation Analyzer. Model 7870 radia- 
tion analyzer, announced by the Nuclear 
Instrument and Chemical Corporation, 
229 West Erie Street, Chicago, IIl., is used 
with a scaler or rate-meter and scintillation 
counter to make possible more precise 
measurements of gamma-emitting radio- 
active samples. An adjustable “window” 
on the analyzer may be set so that only 
those pulses that fall within a preselected 
portion of the isotope’s energy spectrum 
are counted, thus virtually eliminating 
background and scattered radiation from 
the final count. In addition, the unit 
permits multiple tagging measurements 
and radioisotope energy analysis. The 
instrument, expected to find wide use in 
medical, biological, and industrial labora- 
tories where gamma-emitting isotopes are 
used, consists of a nonoverloading linear 
amplifier, pulse-height discriminator, and 
stable high-voltage regulator. Circuitry 
has been designed for simplicity, extreme 
stability, and high reliability. 


Item 20 on the card. 


Multiunit Miniature Tubes. Two new 
general-purpose multiunit tubes of the 
9-pin miniature type (RCA-6BH8 and 
RCA-6AU8), which may be used in a 
wide variety of applications in  black- 
and-white and color television receivers, 
have been introduced by the Radio Cor- 
poration of America’s Tube Division, 
Harrison, N. J. Each tube embodies a 
medium-mu triode and a_ sharp-cutoff 
pentode in one envelope. Both types are 
designed with a 600-milliampere heater, 
having a controlled warm-up time to 
insure dependable performance in television 
receivers employing a series-heater string 
arrangement. The pentode units of these 
tubes feature individually a high trans- 
conductance value of 7,000 micromhos, 
and are intended for use as video amplifier 
tubes. They may also be used as video 
intermediate-frequency-amplifier tubes, as 
sound intermediate-frequency-amplifier 
tubes, or as automatic gain-controlled 
amplifier tubes. The triode unit of the 
6BH8 has an amplification factor of 17, 
and is particularly suited for use in low- 


(Continued on page 60A) 
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Blationat CARBON BRUSHES ARE 


BEST FOR MAIN DRIVE MOTORS AND GENERATORS 


= ieee 


Best Because: 


e “National” Brushes provide maximum commutator stability. 


@ “National” Brush grades are specifically designed for 
machine-operating characteristics. 


{se |hese Grades : 


to meet all service requirements. 


eN-—4 eSA—45 e¢ SA—35 


Here's Why: 


“National” Brushes meet the widest variations in the following 
operating conditions. 


e Current densities @ Commutator surface speeds 
e Atmospheric contamination 


Always consult your National Carbon Representative when 
selecting brushes. He is there to serve you with the best and 
most complete line of brushes for mill and mine operations. 


The term "National’’, the Three Pyramids Device and the Silver Colored Cable Strand are 
registered trade-marks of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation « 30 East 42nd St., New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, ~.os Angeles, New York, Pittsburgh, San Francisco 
IN CANADA: Union Carbide Canada Limited, Toronto 
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All these ... and more... for 
YOUR BEST CONNECTIONS 


U/t AND CSA TESTED 


100°. CONDUCTIVITY 
COOLER OPERATION 


TERMINAL BLOCKS 


A Circle 50 


PURE COPPER 


CAN NEUTRAL 


WRITE FOR 
80-PAGE CATALOG 
e 


ILSCO CORPORATION 


5743 Mariemont Ave. 
CINCINNATI 27, OHIO 


100 & 200 AMPS 


RE-USABLE 
ALL WIRE SIZES 


ECONOMICAL 


FUSE CLIPS 


MANY SIZES AND TYPES 


HI-RUGGED STRENGTH 


#600 MCM 
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Let Hevi Duty 
Help You Choose 


THE RIGHT 
SPECIALTY 
TRANSFORMER 


This is just a small 
sample of the broad 
line of specialty 
transformers built by 
Hevi Duty Electric 
Company. They are 
available in all sizes 
with any desired pri- 
mary or secondary 
voltages or frequen- 
cies. All are designed 
to meet or exceed 
NEMA standards. 








This autotrans 

former is used for reduc 

ed-voltage starting of syn- 
chronous and induction 
motors. 50, 65 and 80 per- 
cent taps are normally 
provided. Terminals may 
be mounted on the coil or 
leads 


Low-voltage pilot light 
transformers up to 600 V 
primary. 


Type SICB, 150 VA, 230 
469-115 volts, enclosed 
style with a built-in ther- 
mal circuit breaker for 
overload protection. This 
compact unit saves valu 
able panel space 


Type SIO, 10 VA, 
primary 110/220 volts 
CONTROL WINDING — Secon 
dary 230 volts, .032 amps, 7.4 

VA 
FILAMENT WINDING — Secon 
dary 6.3 volts, .3 amps, 1.9 
VA 


Write for bulletins EVI DUTY ELECTRIC COMPANY 


HD-499 and T-5111 
or send us your 
requirements. 


} 
| 
| 


60A 


HEAT TREATING FURNACES HEVI=sBuT 


CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


DRY TYPE TRANSFORMERS 


y ELECTRIC EXCLUSIVELY 








New Products 
(Continued from page 58A) 


frequency oscillator circuits. The triode 
section of the 6AU8 has an amplification 
factor of 40, and is intended for use in 
sync-separator, sync-amplifier, sync-clipper, 
and phase-inverter circuits. Maximum 
dimensions of the two tubes are identical: 
25/, inches high over-all, and 7/8 inches in 
diameter. 


Item 21 on the card. 


Analogue-Digital Converter. A _light- 
weight 13-channel encoder has been de- 
veloped by Electronics Corporation of 
America, Cambridge, Mass., for reading 
shaft positions to an accuracy of 1 part 
in 8,192. ‘This instrument may be applied 
to a great variety of purposes, in which 
the position of rotating shaft is required 
either as an input to some controlling 
device or for real-time data reduction. 
Che output of this converter is in cyclical- 
binary code, which may be recorded or 
otherwise processed in that form or con- 
verted to some other form. The converter 
employs no slip rings or moving contacts, 
no gears, and no circuits (i.e., counting) 
in which the accuracy of any one reading 
depends on that of a preceding reading. 
Instead, photoelectric means are employed 
to pick off shaft position with no frictional 
drag on the shaft. A glass disk is mounted 
directly on the shaft, and is very accurately 
scaled into a code of transparent and 
opaque areas. ‘These areas constitute a 
pattern of 13 channels forming the cyclical 
binary code. The standard power supply 
weighs about 18 pounds, measures 8 X 12 
>< 10 inches high, can be rack-mounted, 
and consumes 45 watts. 


Item 22 on the card. 


Iron-Powder Maintenance Electrode. 
An iron-powder-type electrode especially 
for maintenance and _ repair 
introduced by The Lincoln 
Electric Company, Cleveland, Ohio. 
The electrode, Jet-Hard BU-90, is for 
fast buildup of parts at low 
It produces a medium-carbon 
medium-alloy deposit for building up worn 
parts with a dense moderately hard tough 
machinable surface to resist shock and 
Its high deposition rate results 
in a 35 to 45 per cent increase in the 
amount of metal deposited per minute, 
compared with conventional build-up 
electrodes. Slag is practically self-re- 
moving. The arc is smooth with minimum 
spatter and is easy to control. Chromium 
carbide in the deposit produces abrasion 
resistance 25 to 50 per cent greater than 
that of deposits made with conventional 
high-carbon build-up electrodes. Impact 
resistance and toughness is increased by 
both chromium and manganese in the 
deposit. The hardness range runs from 27 
to 40 Rockwell C under normal welding 
conditions. Exact values depend upon the 
alloy content of the steel welded and the 
cooling rate of the weld. Deposits made 
with normal procedures are machinable 


welding, 
has been 


worn 


cost. 


abrasion. 
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PLAIN COPPER-SILVER- 
BEARING LEAD SHEATH 





om 


OKOMETAL OF REDUCED THICKNESS 


-+OKOSHEATH PROTECTIVE COVERING 


e 
 antier 


RS 





HOURS ON TEST 


This plot has a story 
for paper cable users 


The curves plotted above tell the story of high 
internal pressure tests made on three lengths of 
Paper cable indentical in construction except for the 
sheath design. 
Cable Sheath #1: Copper-silver-bearing lead of AEIC 
recommended thickness 
Cable Sheath #2: Okometal alloy of AEIC recom- 
mended thickness - , , 
Cable Sheath #3: Composite design with Okometal 
alloy of two-thirds AEIC thickness 
plusOkosheathProtective Covering 
Sheath #1, having the least resistance to internal 
pressure, started to ‘“‘neck down” or thin-out at one 
spot, which led to a rapidly increasing expansion and 
failure after only 1152 hours on test. Sheath #2, made 
with unprotected Okometal of full AEIC thickness, was 
still on test after 6000 hours, indicating its superiority 
over a conventional lead sheath. Composite sheath #3, 


sles 


Wax & Mica 

7 Lubricated Finish 
Double-wrap 
OKOPRENE 
impregnated 
fabric tape 


Impervious wall of 
OKOPRENE 


OKOPRENE 

4 impregnated 
fabric tape bonded 
to lead 


LEAD SHEATH 


SECTION OF COMPOSITE SHEATH 


made with Okometal of reduced thickness but having an 
Okosheath Protective Covering, was not only still on 
test after 6000 hours, but also showed a flat curve that 
indicated the highest degree of stability with no tend- 
ency to “‘neck down.”’ 

Along with the advantages disclosed above, the com 
posite sheath construction of Okometal plus Okosheath 
Protective Covering possesses superior resistance to 
scoring during installation and eliminates both chemical 
and electrolytic corrosion. These features are fully 
discussed in Bulletin EG-1047, available upon request 
from The Okonite Company, Passaic, New Jersey. 


Available with either copper or aluminum conductors 


ONITES insulated cables 
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_|[ WELD SEMI-CONDUCTOR DEVICES 
| UU w2rwek sPEEeDp_ AnD PRECISION 
j i | i | j 


whisker-wire 
welded directly © 


to lead or stud 


_ precision stored-energy welding 
j | | 


WELDMATIC MODEL 1015 welds molybdenum, tungsten) 
gold, iridium-platinum, or other fine wire to Dumet, 
Kovar; steel;etc: Diameters-0.0003 ta 0.060 inch 


|_welded easily without-oxidation or annealing, 
ie 


i ' | | 


Q..: | UNITEK CORPORATION 


| j 

/ 258 Halstead Avenue * Pasadena 8, California 
WELDMATIC Write for Complete Technical Information 
; on Stored Energy Welding I 
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NON-LINEAR SYSTEMS new digital voltmeter--Model 450. 
Designed especially for analog computers. 
Uses oil-immersed stepping switches, 
life-tested for 20,000,000 readings. 
Measures from +00.01 to +99.99 volts d-c. 


Presents in-line, luminous display. 








DIGHAL VOLTMETER 
MOOEL 450 


write for bulletin 240 
NON-LINEAR SYSTEMS, INC, 
Del Mar Airport 


Del Mar, California 
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with high-speed or carbide tools. Hard- 
ness can be increased by water quenching 
the deposit from 1,600 F. 


Hem 23 on the card. 


Power Capacitor. A new 50-reactive- 
kilovolt-ampere (kvar) power capacitor for 
voltages from 2,400 to 7,960 volts is avail- 
able. Designed to permit utilities to place 
more capacity onlimited pole space, the new 
units have a lower installation cost per 
kvar, and provide more kvar capacity per 
pound. The new capacitors retain the 
solder-sealed bushing and the zinc-spray 
finish used on previous units. 


Item 24 on the card. 


Localized Plating. A new and highly 
advanced method, “The Dalic Process,” 
for localized and selective electroplating is 
now available from Marlene Development 
Company, Inc., 153 East 26th Street, 
New York, N. Y. The Dalic Process has 
been extensively used for a number of 
years by many of the major industries in 
England and Europe. Applications in- 
clude build-up and repair of worn com- 
ponents; electroplating of selected areas of 
electric contacts and electronic parts; 
plating of plastic-metal combinations; 
soldering and selective carburizing; auto- 
matic strip and wire plating; plating air- 
craft components; and for numerous other 
applications where high-speed deposition 
is required on small areas without stopping- 
off or dismantling. Dalic plating utilizes 
a newly designed group of air and water- 
cooled styli and also a complete range of 
special nontoxic nonfuming metallo-organic 
solutions. These solutions are capable of 
plating small areas of amazingly high- 
current densities—in some cases as high 
as 6,000 amperes per square foot. 


Item 25 on the card. 


TRADE LITERATURE 


Companion Stresses Need for Safe and 
Adequate Wiring for Appliances. In a 
four-page editorial feature “Are You 
Wired for Modern Living?” the January 
issue of the Woman’s Home Companion 
tells home owners how to find out if their 
house wiring is safe and adequate. The 
article, geared to the woman’s point of 
view, points out the 24 electrical appliances 
which have gained good acceptance since 
1940. The capacity to handle _ these 
appliances is discussed in detail with 
positive suggestions to aid housewives in 
obtaining adequate wiring to operate an 
efficient electrical home properly. In 
co-operation with the National Adequate 


(Continued on page 66A) 
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Now a new standard of safety 
in low-voltage switchgear 


Test position with doors closed 


This exclusive I-T-E low voltage switchgear feature 
establishes a new standard of safety in testing circuit 
breakers. It offers the additional advantages of reduced 
handling; less maintenance; convenient “‘tagging out’’; 
better dust protection; easier circuit identification. And 
all are yours at no increase in cost in the compact, 
modern design of I-T-E low-voltage switchgear. 

For complete information, contact your nearest 
I-T-E sales office. Or write for Bulletin 6004B. I-T-E 
Circuit Breaker Company, 19th & Hamilton Sts., 
Philadelphia 30, Pa. 








I-T-E CIRCUIT BREAKER COMPANY 
Switchgear Division 
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TRANSITE 


DUCTS 


made to stand, : 


Transite* meets every requirement of the 





ideal duct material. It is permanent, fireproof, 





corrosion resistant, strong, light in weight, 
smooth-bored, non-inductive, and has 

rapid heat dissipation. No protective 

coating is required. The 10-foot lengths 

are rapidly assembled. Transite will / Available In Two Types: 


outlast other duct materials. Write for TRANSITE CONDUIT 

new, free brochure showing how J-M Thick walled, used for exposed work, or 

Transite Ducts can effect substantial buried without concrete casement saves time, 
‘ labor, materials. 


TRANSITE KORDUCT 


maintenance of cable subways. vs : ‘ied 

: Thinner walled for installation in concrete. 
Address Johns-Manville, Box 60, Used for high-voltage lines, its high thermal 

New York 16, N. Y. In Canada, conductivity cuts operating losses. 


199 Bay St., Toronto 1, Ontario. « | i 
Johns-Manville 


*Trade mark registered 


savings in both installation and 


JOMNS-MANVILLE 


PRODUCTS 
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ELECTRICAL CONTACTS 


PLAY VITAL ROLE 


IN NEW q) EQ-P 


CIRCUIT BREAKER 


Compact design of the new EQ-P 
type circuit breaker introduced 
by I-T-E now provides compact 
plug-in lighting panelboards. A 
factor in making possible this 
compactness was the smaller, 
more efficient Gibson electrical 
contacts developed to do the job 
in this tiny single-pole breaker. 

In fact, the contacts are an 
important part of the story. 

The problem: to develop small 
contacts that would withstand a 
5,000-ampere short circuit test, 
maintain low temperature rise, 
have high interrupting rating, 
keep contact resistance low, and 
never need attention. Special 
Gibsiloy silver-tungsten contacts 
were tested and approved by 
I-T-E for the EQ-P breaker. 
These Gibsiloys were outstand- 
ing in every way. 

The same 23-year Gibson ex- 
perience and knowledge behind 
the contacts approved for the 
I-T-E EQ-P circuit breaker can 
be put to the test in solving many 
other electrical problems involv- 
ing contacts. Consult Gibson en- 
gineers when developing new 
products or improving old ones. 
It will pay you to do so. 


Write for Gibson Catalog C-520. 
It contains much useful technical data 
on electrical contacts. No obligation. 


CONTACT GIBSON FIRST 


A te 
[ibsilo 
ELECTRICAL CONTACTS 


cuser icon COMPANY 


8348 Frankstown Avenue, Pittsburgh 21, Pa. 
Circle 57 on the card 
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Let's take a look at the record—first 


In peamies capacitors may we suggest you 
do just that... Take a look at the oul. 
Here is senet positive you should have before 
making commitments to purchase capacitors. 
Reproduced on the right is an actual life test 
record of a group on test since August 3, 
1947, a period of over 8 years. 
This represents only one of thousands of 
such tests made for more than 20 years—not 
occasionally—but year in and year out, 
twenty-four hours of every day. 
While it is hardly necessary to remind you 
this is an expensive procedure—you cannot 
build reliability into a capacitor by specifica- 
tions alone or be assured of it by ordinary 
accelerated life tests. (Terminated after 250 
hours, for example.) 
Reliability can only be established through 
designs based on the knowledge acquired 
from many long time tests of large group 
sizes such as we carry on—these are the only 
alternative. Cost in ‘his respect is secondary 
as recovery of this added expense comes 
through less failures in the field. 
When you have a capacitor requirement .. . 
Take a look at the Record. . Fw Specify 
FAST—The only capacitor with a “Proven 
Pediggee.” 
Weare presently the only capacitor manufac- 
turer qualified under the Signal Corps Re- 
duced Inspection Quality Assurance Pro- 
gram. (RIQAP) 


JOHN £. FAST & CO. — ENGINEERING DEPARTMENT 
—RC__ure rest Dete_G- 12-47 
Gaoup_l457 


Tempersture OSC & X_ Dry 
Cap_O.! mid Aree JOQan” 
Number on tet 2.5 


Text Voltage GOO _ 


— 
us —s 


mt Face 


___ peomm-l-4-$0 28526 Ramee 044 tant (0.9 Hewee 


JEMEAN-V-1T4O 8345 mows OF7 reat 10.0 Heure 


a 12 47 above indicates date of manufacture. Life test started 
§-3-47. It is to be noted Ist failure occurred after 8345 hours and 
2nd at 28526 hours. Balance of 23 capacitors have not failed te 
date (11-1-55) over 72,000 hours. These will remain on test until 
all have failed. 

















onnE.Fasr& ©. 
, Capacitor Specialists For 
Over A Third of A Century 
3169 North Pulaski Road, Chicago 41, II! 
“WHEN YOU THINK OF CAPACITORS . . . THINK FAST” 





Meares Memere! O1| - Kret? Paper Tested by EE, 
CPZS Style Approwed 
Date LLELS. 











AVAILABLE LITERATURE: 

Polystyrene Film Capacitors 

Hermetically-Sealed Tubular Capacitors 

Subminiature Hermetically-Sealed Capacitors 

High-Reliability Hermetically-Sealed Capacitors 

Mil-C-25A Approved Capacitors: Refer to 
‘*Mil-C-25A Specifications 

Power-Factor Correction Capacitors and Racks 
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2 Mc. - 400 Mc. 


Model 80 


Range 
Indicator 


Pulse 
Input 


Vernier 
Frequency 
Dial 


The MODEL 80 is completely self-contained, 
with built-in power supply and modulator. 
An extremely stable and accurate instru- 
ment for laboratory use, production testing 
or servicing. 


Complete data on request 


MEASUREMENTS 


stewed, Raed, | 


Direct Reading 
Frequency 
Dial Meter 
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Output 
Meter 


Direct Reading 
% Modulation 


Direct Reading 
Carrier Output Dial 
Output Voltage 
0.1 to 100,000 
microvolts 


Modulation Selector 


CORPORATION 


NEW JERSEY 








TYPE RS 


MINIATURE POWER RESISTORS 
NEW smaller sizes—ADDITIONAL wattage range 


For all applications where the equipment must survive 
the most severe environmental, shock, and vibration 
conditions. 
Smallest in size; completely welded from terminal to 
terminal; silicone sealed, offering high di-electric 
strength, maximum heat dissipation, and maximum 
resistance to abrasion; impervious to moisture, salt 
ions, and gases. 

RS-2A, 2 watts; RS-2B, 2 watts; RS-2, 2 watts; 

RS-5, 5 watts; RS-7, 7 watts; RS-10, 10 watts. 
¢ Temperature coefficient 0.00002/Deg. C 
¢ Ranges from 0.05 ohm to 55,000 ohms, depending 

on type 

e Tolerances 0.05%, 0.1%, 0.25%, 0.5%, 1%, 3%, 5% 


Conform to applicable JAN and MIL Specifications 


Trade Literature 
(Continued from page 62A) 


Wiring Bureau, reprints of the editorial 
feature have been made available to elec- 
tric power companies for promotion at the 
local level. 


Standard Conversion Tables. A new 
Wheelco bulletin, “Standard Conversion 
Tables,” F7255, gives thermocouple tem- 
perature-millivolt equivalents. Tempera- 
tures are expressed on the International 
Temperature Scale of 1948. The electro- 
motive force is expressed in absolute units. 
Instrument men will find this particular 
item of literature convenient reference 
material. 


SMPTE Wide Screen Booklet. A booklet 
describing several new methods of motion 
picture production and exhibition that 
came into use during and after 1952 has 
been published by the Society of Motion 
Picture and Television Engineers(SMPTE). 
Aimed at giving a comprehensive yet 
easily understood outline of present day 
techniques and the ways in which they 
differ from those that became “standard” 
during the late 1920’s the booklet makes 
no attempt to evaluate systems. Copies of 


the booklet are available at SMPTE head- 
quarters, 55 West 42d Street, New York, 
N. Y. 


Export Dept 

Pan-Mar Corp 

1270 Broadway 

New York 1, N.Y 
In Canada: . 
Charies W. Pointon, Ltd 
6 Alcina Ave., Toronto 


rite for Bulletin R-23A 


Bakelite Plastics and Resins. A new, 
revised, ‘1956 Condensed Reference File of 
Bakelite Plastics and Resins” presents the 
latest information about properties and 
uses of these materials supplied by Bakelite 
Company, a Division of Union Carbide 
and Carbon Corporation. This 12-page 
booklet summarizes technical data about 
the wide range of special and general- 
purpose Bakelite phenolic, vinyl, styrene, 
polyethylene, fluorothene, polyester, sili- 
cone, and epoxy plastics and resins, and 
Krene film and sheeting. Copies of the 
booklet are available to firms who send 
requests to Bakelite Company, Division 
of Union Carbide and Carbon Corpora- 
tion, 300 Madison Avenue, New York, 
N. Y. 
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COMPONENTS FOR COMMUNICATION SYSTEMS 


New Brochure Details Industrial Uses of 
Tape. Properties, specifications, and 
applications data on its complete line of 
pressure-sensitive tapes have been com- 
piled in a 25-page brochure by Behr- 
Manning, Division of Norton Company, 
Troy, N. Y. In text, table, and illustra- 
tion, “Tape It with Behr-Cat” covers 
scores of industrial applications and in- 
cludes helpful tips on how to determine tape 
quality, and how to specify the proper 
tape for the job at hand. Copies are 
available without charge on request to 
Behr-Manning, Troy, N. Y. 


Radio Engineering Products produces a wide range of standard components for use in com- 
munication systems. In most cases these components can be delivered from stock. 
FILTERS: Filters of advanced design are available for carrier telegraph, carrier telephone, 
and telemetering systems. These include channel filters, low-pass filters, and line filters. 
JACKS and MOUNTINGS: Two standard 13%” by 19” jack mountings are available. Type 
F6097A mounts 52 single jacks, and type F6097B 26 single jacks. Type F8410 jack is a double 
jack with parallel break contacts, interchangeable with type 410A. 
REPEATING and RETARDATION COILS: A large number of standard types are carried in 
stock. These include voice-frequency and carrier-frequency line coils, hybrid coils, and retard 
coils for telephone and telegraph applications. 


RADIO ENGINEERING 


1080 UNIVERSITY ST., 


TELEPHONE 
UNiversity 6-6887 


Laminations Catalogue Issued. Magnet- 
ics, Inc., Butler, Pa., has issued a greatly 
expanded laminations catalogue, describing 
the company’s standard lines of lamina- 
tions, laminated cores, and dies. Cat- 


PRODUCTS 


MONTREAL 3, CANADA 


CABLES 
RADENPRO, MONTREAL 
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No galvanic action . . . oxida- 

tion is inhibited . . . full rated 

conductivity is assured . . . by using 

A-MP’s all aluminum Termalum Ter- 

minals. The distinguishing features are 

the cartridge, containing abrasive inhibitor 

compound, and the specially-designed sym- 

metrical ‘‘C”’ crimp. Under pressure of the crimp 

the compound abrades oxide from the wire and pre- 

vents it from reforming. The cartridge is closed with a 
removable plastic plug that is color-coded for wire size 
identification. The entire terminal is tin-plated by a special 
process to assure high conductivity and corrosion resistance. 


TERMALU M 


Trade mork 


terminalis and connectors 


Copalum* Terminals and Connectors have the same features as 
Termalum except that the body-tongue is made of copper. With 
this design, smaller tongues are permissible. Precautions 
usually taken with aluminum terminals when connect- 

ing to copper busses can be eliminated. Termalum 

and Copalum Terminals and Connectors exceed all 

military specifications. 


A-MP Termalum and Copalum Terminals 
are applied with A-MP Dyna-Crimp* 
Power Tools and Hand- or Foot- 
operated Hydraulic Tools. Dyna- 

Crimp Tooling is available for 

bench mounting or with a 

portable cart. 

Write for additional 


information on these 
products. 





C eS th ee 


a AR ee eS ‘d bs i 
JAIRGRAFT-MARINE PRODUCTS, INC. 


‘ Harrisburg, Pa. 
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A-MP of Canada, Ltd., Toronto, Canada 
A-MP—Holland N.V., 's-Hertogenbosch, Holland 
Aircraft-Marine Products (G.B.) Ltd., London, 
England 

Societe A-MP de France, Courbevoise, Seine, 
France 


* Trade mork 
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SAVE TIME AND MONEY 
HANDLING CABLE REELS 


Easy, simple, fast! Minimum loading 
and unreeling effort. 


Modernly efficient 


FOR WIRE, CABLE, ROPE 


® Heavy gauge steel 
frame 

@ Slanted front 

@ Ball bearing adjustable 
rollers 

@ No jacks 

@ Handles any reel 
diameters 

®@ Positive roller lock for 
unloading 


Style A 2,000 Ibs. cap. 
for reels up to 28 in. for 2 reels up to 24 
wide. 37.50 f.0.b. in. wide each or 1 reel 
Cincinnati. up to 48 in. wide. 
75.00 f.0.b. Cincinnati. 


WRITE FOR DETAILS TODAY 


ROLLeAe REEL 


1100 Sycamore at Central Parkway 
Cincinnati 2, Ohio 


Style B 4,000 Ibs. cap. 


Trade Literature 
(Continued from page 66A) 


alogue ML 207, ‘‘Performance Guaranteed 
Magnetic includes 
laminations 


to actual scale and weights and counts for 


Laminations,” speci- 


fication sheets of individual 


different materials. Provision is made for 
additional 
Sections 


data as it becomes available. 


are devoted to laminated core 
assemblies, mechanical and magnetic pa- 
rameters, and lamination tolerances. Cop- 
ies may be obtained by writing to the com- 


pany. 


Triplex Service 


formation on 


Drops. Complete in- 
aluminum triplex 
drops is included in a new booklet issued 
by Kaiser Aluminum Chemical 
Corporation. The 


publication discusses the various types and 


service 


and 
20-page illustrated 
sizes of triplex available from the company, 
tabulates cost comparisons, cites advan- 
tages, and discusses methods of dead-ending 
In a 
equations on 
related information 
booklet 
Aluminum 


and connector selecting separate 


effhi- 


an- 


section specific cost, 
and 

swered. The 
Kaiser 


Corporation’s Industrial Service Division 
PR 255, 1924 Broadway, Oakland, Calif 


crency, are 


may be obtained 


from and Chemical 


Splice Boxes Bulletin. Various types of 
splice boxes, with and without armor and 
conduit fitting are described and illustrated 
in a new 20-page bulletin, BB55, released 


by G and W Electric Specialty Company 
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. . . FOR EVERY REQUIREMENT 
IN THE ELECTRICAL FIELD 


Our Record: Over 50 years of 
progressive galvanizing service 
to manufacturers and fabrica- 
tors of iron and steel products 

. any size or shape, any size 
order from the smallest to the 
largest. Excellent facilities for 


pickling and oiling. 


“TO ECONOMIZE, 
GALVANIZE AT 
ENTERPRISE” 








ENTERPRISE 
NIZING CO. 


E. CUMBERLAND STREET 
PHILADELPHIA 25, PENNSYLVANIA 
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BISMUTH WIRE 
OPENS THE DOOR 
TO PROGRESS 
IN ELECTRONICS 


Do you know that 


Bismuth Wire is 
made commercially? 


Bismuth Wire 


Changes resistance 
within magnetic 
fields of different 
intensities. 

Resistance varies in 
a straight line with 
Gauss pressure. 
Changes from 3 to 90 
times its normal 
resistance depending 
on temperature and 
Gauss pressure. 


Bismuth Wire offers 
possibilities to you. 
Write for information. 
iB¥WAD-VEst le. 
ELECTRIC SUPPLY 
COMPANY 
444 Irwin Street 
I GOT) <a -Yo oy ata \/ Bled ablet-bal 


now 





In addition, the bulletin shows different 
types of secondary and primary sectionaliz- 
ing boxes, air and oil filled. Copies of the 
bulletin are available on request by writing 
G and W Electric Specialty Company, 
7780 Dante Avenue, Chicago, II. 


Powder Metallurgy. An 18-page bulle- 
tin on powder metallurgy has been pub- 
lished by Keystone Carbon Company. 
Sections include a summary of the powder 
metallurgy process, designing for powder 
metallurgy, typical applications, and de- 
tails on the facilities and capacity of the 
company. Highlights of the publication 
are the physical characteristics and chemi- 
cal compositions of a number of ferrous 
and nonferrous production materials. Cop- 
ies of the bulletin may be obtained from 
Keystone Carbon Company, St. Marys, Pa 


Stoddart Bulletin. A bulletin 
““Measurement of Radio 
Accordance with Specification 
6181B” is available the Stoddart 
Aircraft Radio Company, Inc., clarifying 
certain portions of the United States Air 
Force and Navy Bureau of Aeronautics 
specification MIL-I-6787B. ‘The bulletin 
describes the application of radio inter- 


37-page 
Interference in 
MIL.-I- 


from 


ference; field intensity measuring equip- 


with MIL-I-6787B. 


practical ex- 


ment in accordance 


Specific instructions and 
amples are cited, including a perspective 
illustration of a typical equipment setup. 
An appendix to this bulletin includes 
data on bandwidth concepts in interference 
equipment. This valuable 
is available at no cost from the 
Aircraft Radio Company, Inc., 


Monica Boulevard, Holly- 


measuring 
bulletin 
Stoddart 
6644 Santa 
wood, Calif. 


Catalogue Available on Oscillographic 
Recording Equipment. All Sanborn 750 
recording 


series oscillographic 


components, and associated equipment are 


systems, 


fully described in a new 16-page illustrated 
catalogue recently published. Basic 750 
systems, in 1-, 2-, 4-, 6-, and 8-channel 
models, as well as the 11 currently available 
plug-in preamplifiers, described in 
detail. Performance data as well as fre- 
quency response characteristics of galva- 


are 


nometer with driver amplifier, are also pro- 
vided. Technical details are included on 
the Sanborn model 750-7900 master oscilla- 
tor power amplifier and model 750-300/700 
wide band driver amplifier and power 
supply. 
from Sanborn Company, Industrial Divi- 
sion, 195 Massachusetts Ave., Cambridge, 
Mass. 


Copies are available on request 


Switchboards with Basic Circuits. General 
Electric’s “building block’? concept as 
applied to switchboards is described in a 
new 4-color 40-page bulletin ‘‘Switch- 
boards with Basic Circuits.’”” The publi- 
cation shows how eight classifications of 
standard switchboards are constructed, 
operated, and tested. A complete dis- 
cussion of basic circuit specifications in 
duplex switchboard is included. Requests 
for the bulletin, designated GEA-4727 

should be addressed to the General Electric 
Company, Schenectady, N. Y. 
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Exploring 
Radio Noise 
a Suppression 
at 
330 KV, 440 KV, 
500 KV 


You'll find Locke corona shields on every trans- 









ee tS 


mission system in the United States designed for 
330 KV or above. We are now using this platform 
of experience to develop corona shields for use at 
ultra-high voltages. As these take shape on our 
drawing boards, investigation continues. The 
picture shows radio noise tests being conducted 
with a proven Locke corona shield to gain still a 
further knowledge of this frontier of development. 
It is part of our service to the electric power : 
industry. 





LOCKE DEPARTMENT 
GENERAL ELECTRIC COMPANY 
BALTIMORE, MARYLAND 














SPECIAL 
TRANSFORMERS 
FOR YOUR 
SPECIAL 
APPLICATIONS 











For electronic applica- 
tions, having high per- 
formance requirements, 
send your inquiry and 
specifications to Acme 
Electric. We offer engi- 
neering assistance in 
design, and complete 
manufacturing facilities 
to produce quality con- 
trolled transformers in 
production quantities. 
More than 37 years of 
experience during which 
we have designed more 
than 19,000 transformer 


ACME ELECTRIC CORPORATION 


222 WATER ST. 


CUBA, N. Y. 


West Coast: 1375 W. Jefferson Bivd. Los Angeles, Calif. 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont, 


bie Ge Seay 


r 8 Ro wee 
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DIFFICULT JOBS! 


® One glance at this insulator and you can see it’s a 
difficult piece to produce, what with its angles, circles, 
holes, bosses. And the underside is almost as complicated. 
We like jobs like this! It challenges our experience 
and facilities. 

If you have a difficult insulator that you want produced 
properly, send your specs to Universal. 


me UNIVERSAL (77) 


RRS ommmm RIM or aR a= 
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CLAY PRODUCTS CO. 


SANDUSKY, OHIO 














Change of Mailing Address 


Prompt notification of a change of address accomplishes 
three things simultaneously: change of address in the 

national records; change of mailing address for ELECTRICAL 
ENGINEERING; and notice to the local section to change 
the section mailing list. Therefore, if you have an address 
change, fill out the form below and mail it eg! to: 
AIEE Headquarters, 33 West 39th Street, New York 18, N. Y. 


Mailing Address 


Membership No 
address) 


To assure a correct entry in the YEAR BOOK of the AIEE, 
please also furnish: 


Company Name 


Company Address............... 


: if one h 
Title Bing 


Home Address 
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THE CUTOUT THAT TAKES 
HEAVY FAULTS IN STRIDE! 


Engineers know that when a heavy fault hits a 
cutout, powerful shock forces are created. A 
large volume of gas is generated instantly, de- 
veloping extremely high pressure inside the tube. 
For an instant the life of the cutout depends on its 
ability to absorb and dissipate the concentrated 
energy. 

The new Southern States Type 33-F is engi- 
neered to take this critical stress in stride! 

In less than half a cycle a tremendous volume 
of gas is expelled from both ends of the 33-F 
tube. No components project into the vent zone 
to interfere with the rapid discharge of gases. 
There are no “pockets” to trap and deflect any 
of the high velocity gases. This prevents ricochet 
flashover. 

Every part and parcel of the 33-F is designed 
to withstand repeated jolts without damage—as- 
CHECK THESE INTERRUPTING RATINGS 


suring positive circuit protection and a cutout 


ready for quick re-fusing instead of replacement. TYPE 33-F TYPE 33-FH 

‘or a simple, rugged cutout the yu Ce 2. .2 
For a simple wert eee hat you can de CONT RMS AMPS. * CONT RMS AMPS 
KV AMPS INT. CAPACITY AMPS INT. CAPACITY 














pend on under ever increasing system capacities, 
choose the Southern States Type 33-F. 5 100 8,000 100 10,000 
7.5 100 8,000 200 10,000 
NOTE TO USERS OF (5) 33-D and 33-DH CUTOUTS 15 100 6,000 100 10,000 
a3 25 100 3,000 200 10,000 
Either of these types on your system can be converted 100 8.000 
for higher short circuit duty by simply replacing the fuse INTERCHANGEABLE FUSE HOLDERS ‘ 

= ‘ . ‘ , : . — , 200 8,000 
holder, as long as the continuous rating of the installed The fuse holders are interchange- 
able between Ty pes 33 F and3 3-FH., 100 4,000 




















cutout is not exceeded. 


HAMPTON, GEORGIA 





Yee 


Ss | SOUTHERN STATES EQUIPMENT Corp. 


IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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Kirkhoff 
Mfg. Corp. 


STAHLIN BROTHERS 
FIBRE WORKS, INC. 
Belding, Michigan 


SAVES TIME—SAVES MONEY! 


Got a control panel problem? Panel Chanel has 
cut wiring and maintenance costs as much as 
50%, according to actual time studies. 


Highly insulating and moisture resistant, this 
sturdy plastic wiring duct simplifies panel layout 
and makes wiring changes safe as well as quick ’n 
easy. The new XT Type Panel Chanel has only 
two parts — cover and channel — for economical 
inventory and fast assembly. ‘No loose parts to 
foul controls. 


Attach coupon to your letterhead for complete information. 


NAME 
ADDRESS 


TITLE 
* T.M, Reg. U.S. Pat. Off. 


Panel Chanel is made only 


STAHLIN BROTHERS FIBRE WORKS, INC. 


BELDING, MICHIGAN 
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In testing 
instrument 
transformers 
you can depend upon 


KNOPP 
Standard 
Burden 


Sets 


The Knopp Standard Burden Type BSP-6; and the stand- 
Sets offer burdens of reliable ard burden Z is supplied in 
accuracy and stability and bur- Type BSP-7, two of which can 
dens that possess a freedom be used in parallel to obtain 
fromstray fields and harmonics. ASA burden ZZ. Accuracy of 

Type BSC-5 provides in one resistance and inductance val- 
unit all three ASA standard ues within 0.5 per cent 
burdens for current transform- For full details about the 
ers for metering service, 1.€., Knopp Standard Burden Sets, 
B-0.1, B-0.2, and B-0.5. For write today. 
potential transformers Sone 
secondaries), two sets are of- KNOPP 
fered, The three burdens, W, NOPP INC. 

X, and Y, are combined in 4287 Holden St., Oakland 8, Calif. 
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MINIATURIZING? 
Don't gamble! Use 
these field-tested and 
proven MIL-T-27 type 
designs. 


No sampling expense, no 
wasted time! 

Eliminate redesign of produc- 
tion equipment! 

Designed for guided missiles, 
airborne equipment, servos, 
transistor amplifiers, high 
temperature applications and 
many, many other uses 


IMMEDIATE DELIVERY at 
Micro RAN] key Industrial Distributors! 
] 84-11 Bivd., Rockaway Beach, N. Y. 
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Look 


beneath . that’s where 


es quality begins 


‘¥ firs . i Pree 
BAA | 


these service proved felted asbestos walls 
insure uninterrupted operation with 


ROCKBESTOS A.V. C. 


(N.E.C. Type AVA) 


There’s a reason why Rockbestos 
A.V.C. (N.E.C. Type AVA) gives such 
outstanding service in industry. It is the 
uniform, dense, felted asbestos walls 
which have been thoroughly impreg- 
nated with selected compounds and 
firmly compressed without laps, seams 
— or joints to make them resistant to heat 
Pictured is the application of impregnated asbestos com- - 
fluffy asbestos prior to the im- pressed and felted to a smooth and moisture. Felted asbestos walls 
pregnating and compressing homogeneous wall ensuring long seal the varnished cambric tapes 
process. cable life. ‘ 
away from heat and moisture .. . 
keep dielectric strength high... add 
strength and protection against dam- 
age from flexing. 

Because of felted asbestos wall 
construction you benefit with trouble- 
free, uninterrupted service under con- 
ditions such as high ambient tempera- 
ture, overloads, exposure to heat, oil, 
grease, corrosive fumes and exposure 


ROCKBESTOS », to moisture. 


Complete construction and test 


Qa PRODUCTS CORP. Wy specifications of Rockbestos A.V.C. 


NEW HAVEN 4, CON N “ (N.E.C. Type AVA) are in the new 
QA booklet: “Specification RSS-88.” 
NEW YORK + CLEVELAND * DETROIT + CHICAGO i Write for your free copy. 
PITTSBURGH + ST. LOUIS * LOS ANGELES * NEW ORLEANS 


OAKLAND, CALIFORNIA STOCKED COAST TO COAST 
; Standard Rockbestos A.V.C. construction (N.E.C. types AVA, AVB, 
etc.) are available for immediate shipment. Call or write nearest 
branch office. 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 


12 times $120.00 





AIRPAX PRODUCTS CO. 


Development Division 


Specialists in the 
Design and Manufacture of 
Unusual Transformers and Relays 


Middle River Baltimore 20, Md. 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 


Engineers 
Investigations Reports—-Design 
Procurement—-Field Engineering 

Domestic and Foreign - 
74 New Montgomery St., 
San Francisco 5, Calif. 


MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 








BLACK & VEATCH 
Consulting Engineers 


Electricity— W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


JACKSON & MORELAND 


Engineers and Consultants 
Design and Supervision of Construction 
Reports— Examinations-—Appraisals 


Machine Design— Technical] Publications 
BOSTON NEW YORK 


Consult 
Z. H. POLACHEK 
Registered Patent Attorney 
1234 BROADWAY 
(At 31st St.) 
New York 1, N. Y. 








DeLEUW, CATHER & COMPANY 
onsulting Engineers 
Transportation, Public Transit and 

Industrial Problems 
Industrial Plants—Grade Separations 


Railroads—Subways—-Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, Ill. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


q CONSULT THIS DIRECTORY 
when in need of specialized 


engineering service 


FRANCIS W. RINGER 
ASSOCIATES 


Consulting Corrosion Engineer 


7 Hampden Ave. MOhawk 4-2863 
Narberth (Suburban Phila.) Pa 








Electrical Testing 
Laboratories, Inc. 


Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, research and associated services, 
including certification, inspections at factories 

and field investigations. 


2 East End Avenue at 79th St., New York 21 





THE KULJIAN CORPORATION 


Engineers’ ® Constructors @ Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility e Industrial ¢ Chemical 


1200 NO.BROAD ST., PHILADELPHIA 21, PA. 


SANDERSON & PORTER 
ENGINEERS 


DESIGN 
CONSTRUCTION 


New York 








TRANSISTOR ENGINEERING 
S. Moskowitz D. D. Grieg N. J. Gottfried 
Product Transistorization, Complete Service in 
consulting, research, development and pro- 
duction on transistor circuitry, products and 
instruments. 


Electronic Research Associates, Inc. 


67 East Center Street, Nutley, N. J. 
NUtley 2-5410 


PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical * Mechanical 
Structural * Civil 
” Thermodynamic * Architectural 


FIRST NATIONAL BANK BUILDING 


Pittsburgh 22, Pennsylvania 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 








FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 

Tel: Washington, D. C., OLiver 4-5897 
Research Studies, Evaluations, Specifications, 
Development, Engineering, Prototype Manu- 
facture, Technical Writing, Drafting Art Work 
Offset Printing—-In fields related to Elec 
tronics Test Equipment, Radio Interference 
VHF-UHF Tuners and Circuits, Missiles, 


Electromechanical Systems and Components 


N. A. LOUGEE & COMPANY 


Engineers and Consultants 
REPORTS—APPRAISALS—DEPRECIATION 
STUDIES—-RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


The J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORK 











HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design, Development and Manufacture 
of Transformers, Chokes, Etc. 


for the 
Electronics, Industrial and Allied Fields 
90 Magnolia St., Westbury, L.I., N.Y. 
WE-7-2933 








MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
John M. van Beuren 
Specialists in the Design and 
Development of Electronic Test Instrument 


Boonton, N. J. 








PROFESSIONAL SERVICES 


over a wide range are offered 


by these cardholders 














ELECTRICAL ENGINEERING 











New positions for senior engineers : 
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The Advanced Electronics Systems Staff is concerned with all Lockheed 
aircraft in development and production. To the career-minded engineer, 
three aspects of the work are significant: 


1) Assignments cover virtually every type of aircraft and weapons system; 

2) personal initiative is welcomed and encouraged under the Staff’s philosophy 
of operation; 3) the Staff is undergoing continuous expansion because 

of the growing importance of its work. 


Expanding, long-range activities in fields of fighter-interceptors, early 
warning aircraft and A.S.W. patrol bombers have created a number of 
positions for Electronics Systems Engineers able to fill senior positions. 


Openings are in the following fields : 
RADAR 


Duties involve developing requirements and specifications after extensive 
analysis for various radar, display and data handling systems. Monitoring 
developmental programs is also an important aspect of this position. 


COMMUNICATIONS 

Duties involve developing long-range communication and data link 
systems, studying meteorological and atmospheric features 

and guiding antenna design. 


FIRE CONTROL 

Duties involve developing requirements of airborne fighter-to-fighter and 
fighter-to-bomber fire control systems and monitoring programs leading to 
actual systems to meet the requirements. Strong experience in computer 
techniques is required. 


NAVIGATION 

Duties involve developing requirements for advanced, self-contained, 
high accuracy doppler and inertial systems and implementing programs 
to obtain these systems. Extensive experience in airborne navigational 
systems is required. 


COUNTERMEASURES 

Duties involve developing requirements and monitoring programs 
for advanced electronic countermeasure systems, including 
receivers, analyzers and jammers. 


ANTENNA DESIGN 

Duties involve developing requirements for communication navigation 

and radar antenna systems and participating in design of the systems. Most 
of the development work in this field is performed at Lockheed Laboratories. 


Moving Allowances — Generous travel and moving allowances enable you 
and your family to move to Southern California at little or no expense. 


Scientists and engineers interested in performing advanced electronic systems work 
on diversified projects are invited to write E. W. Des Lauriers, Dept. AE-10-2. 
Please include your home phone number. 


LOCKHEED AIRCRAFT CORPORATION 
California Division. sursanx CALIFORNIA 
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You can SELECT 





at RCA! 





...New Opportunities ...17 + Locations... One Best For You And Your Family 


Can anyone but RCA offer you 

a choice of locations like this? 

At Camden, Moorestown or Cherry Hill, you enjoy 
cultural advantages of Greater Philadelphia, live at 
moderate cost in pleasant suburban communities. 
Waltham offers at-home opportunities for New 
England engineers. Four ideal West Coast loca- 
tions. Harrison borders on Greater New York. 
Lancaster, Marion and Findlay have small-town 
advantages. There’s pleasant year-round outdoor 
living in Cocoa Beach, on Florida’s central east 
coast. RCA Service Company and International 
Division assignments include ideal locations in the 
United States, and wherever RCA electronic 
equipments are installed and serviced throughout 
the world. 


Individual Recognition — 

RCA organizes engineering activities into groups 
small enough to allow broadest scope for your indi- 
vidual accomplishment. The average group has 
just 11 engineers. Yet, in all activities, you are 
supported by the entire facilities and engineering 
resources of RCA. 


Salaries — 

RCA engineering salaries average measurably 
higher than other companies’ in the field. Inter- 
mediate engineers, $5000-$8500; senior engineers, 
$8500-$15,000; staff and supervisory salaries open. 


Advancement— 

Scheduled, objective appraisal of your work speeds 
promotion. Professional and financial progress is 
just as sure as your achievements make it. 


Professional Status— 

RCA bases world leadership in electronics on the 
abilities of exceptional men at every organizational 
level. Many have notable engineering and scien- 
tific reputations. You work in day-by-day associa- 
tion with men of this caliber. 


Benefits — 

There’s a complete program at RCA. A very liberal 
Tuition Refund Plan. Company-paid life, sickness 
and accident, hospital-surgical insurance for you 
and your family. Modern retirement plan. Reloca- 
tion expenses paid. Suggestion and patent awards. 





Now, Pinpoint Your Future 


..-.Here are the Opportunities! 
..-Here are the Locations! 





TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 


Chemistry 
Electrical Mechanical Physical Ceramics 
Engineers Engineers Science Glass Technology 

Metallurgy 
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FIELDS OF ENGINEERING ACTIVITY 
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© DESIGN + DEVELOPMENT 
KINESCOPES (B & W and COLOR), OSCILLOSCOPES—Electron 
Optics—Instrumental Analysis—Solid States (Phosphors, High Tempera- 
ture Phenomena, Photosensitive Materials and Glass to Metal ) 
RECEIVING TUBES—Tube Design—Test and Application Engineering — 
Chemical and Physical Development—Methods and Process Engineering 
—Advanced Development 


MICROWAVE TUBES—Tube Development and Manufacture (Traveling 
Wave—Backward Wave—Magnetron) 

GAS, POWER AND PHOTO TUBES—Photosensitive Devices—Glass 
to Metal Sealing—UHF and VHF —Power 


ca 


xo 


COMPUTERS—Systems—A-vanced Development—Circuitry—Assembly 
Design—Mechanisms— Programming 


COMMUNICATIONS — Specialized Military Systems — Microwave 
—Aviation—Audio— Propagation Studies 


COMPONENTS—Transformers—Coils—TV Deflection Yokes (Color or 
Monochrome)—Resistors—Ferrites (Material and Parts) 
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© MACHINE DESIGN 


Mechanical and Electrical— Automatic or Semi-Automatic Machines H 
Y 


Locations: C—Camden, N.J. F—Cocoa Beach, Fla. H—Harrison, N.J. 1—International Div. L—Lancaster, Pa. M—Moorestown, N.J. S$--RCA Service Co. (Cherry Hill, NJ 


Alexandria, Va.; Tucson, Ariz.; San Diego, Sacramento, San Francisco, Calif.; Foreign Assignments). W—Waltham, Mass. X—Los Angeles, Calif. Y—Marion, Ind. Z—Findlay, Ohio 


Mr. John R. Weld, Employment Manager 
Please send resume of education and experience, with location preferred, to Dept. A-14B, Radio Corporation of America 


30 Rockefeller Plaza, New York 20, N.Y. 


RADIO CORPORATION of AMERICA 


Copyright 1956 Radio Corporation of America 





Extend your future im 


CIRCUIT 
DESIGN 


At Hughes we have undertaken devel- 
opment of a system in which advanced 
radars using array antennas and newer 
traveling wave tube developments are 
combined with digital data handling 
and proc essing equipment to solve the 
complex problems of aircraft detection 
and assignment. 

We are already in an enviable posi- 
tion in the intercept and destruction 
phase of defense through the Hughes 
airborne radar fire control systems and 
the Hughes Falcon guided missile, 
Achievement of these objectives in 
the very limited space and stringent 
environmental conditions of the mod- 
ern defense system provides an un- 
usual challenge to the creative circuit 
design engineer. 

If you are interested in joining us 
you should have experience in one or 
more of the following circuit areas: 

Transistor ~—Video ~—Microwave— 
Pulse—r and reE—Switching—Clamp- 
ing—Phase Shift—Power Supply— 
Modulator—Electromechanical. 


HUGHES 


RESEARCH AND DEVELOPMENT 


Culver City, Los Angeles County, California 


LABORATORIES 








CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line. 
Sale and purchase of used machinery, etc., 
$2.50 per line, minimum 5 lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 36, N. Y. 


When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 





Positions Open 


ELECTRONIC RESEARCH AND DEVELOPMENT. 
Challenging opportunities exist for all level positions in 
applied microwave circuit design and development, ana- 
log computers and aerodynamic simulators, servomech- 
anisms, navigational and automatic flight control, radar, 
and other applied research fields of electronics. Our 
firm is devoted entirely to research and development, 
numbers about 1100 and is owned by one of the nation’s 
leading universities. Our salary and benefit programs 
are on a par with industry. Graduate study at Univer- 
sity.of Buffalo is encouraged through generous tuition re- 
fund program. Additional information on current 
openings will be sent upon request. Cornell Aeronau- 
tical Laboratory, Inc. P. O. Box 235, Buffalo 21, New 
York. 


ELECTRONIC RESEARCH AND DEVELOPMENT 
positions are now available at a university in the South- 
east. Instructors required for September, 1956, $4000 
4800; graduate assistants (M.S. in twelve months 
$110 per month, tuition-free. Write Box 356. 


, 


ELECTRICAL ENGINEERS—Several positions avail- 
able in Headquarters Sales Department of progressive 
manufacturer of large Synchronous and Induction 
motors, generators and associated control apparatus 
Responsibilities will be to analyze technical rn ee for 
engineer salesmen in field, prepare bids, and interpret 
specifications for manufacturer Experience desirable 
but will train any with suitable background. Future 
will lead to further responsibility at Headquarters or 
opportunity for outside sales. Location—Minneapolis, 
Minnesota. Box 376 


JUNIOR ELECTRICAL ENGINEERS—Five grad- 
uates for power stations and substation electrical design 
Location New York with established Service Organiza- 
tion for a large group of electrical utilities. Require- 
ments: 1 to 3 years with leading electrical equipment 
manufacturer, G. E. or Westinghouse test course, or 
actual electric design, operation, construction experience 
on steam, diesel or ow ee plants and substations. 
Limited foreign travel possibilities in future. Reply 
stating age, education, experience, personal particulars, 
and minimum salary expected. Box 377 


ELECTRICAL ENGINEER—Graduate—2 to 5 years 
experience—protective relay work with electric utility 
Permanent position long established supervisory- 
consulting organization. Headquarters New York 
Some travel Latin America. Salary commensurate 
with experience. Reply stating age, education, ex- 
perience, personal particulars and minimum salary 
expected. Box 388. 


YOUNG ELECTRICAL ENGINEER—Power Op- 
tion—Recent graduate or man with 1 or 2 years ex- 
perience. Good opportunity. Permanent position 
with long established electric utility in Costa Rica. 
Knowledge Spanish necessary. Reply stating age, 
education, experience, wegen particulars and mini- 
mum salary expected. Box 389. 


TEACHING POSITION for September, 1956 available 
at umniversity-associated college of engineering near 
Chicago. Small congenial faculty, suburban location 
Prefer individual concentrating in electrical power and 
machinery. Salary and rank commensurate with 
experience. Box 390. 


INSTRUCTOR OR ASSISTANT PROFESSOR OF 
ELECTRICAL ENGINEERING. M.S. and/or teach- 
ing experience desirable. Position available January 
1956 or later. Salary commensurate with experience 
Nine-month basis. Midwestern Engineering College. 
Box 391. 


ENGINEERS—College positions, February and Sep- 
tember openings. All sections U.S., all fields of engi- 
neering. Openings for B.S., M.S., and Ph.D’s. Ex- 
cellent salaries. Send pictures and qualifications to 
Cline Teachers Agency, Box 607, East Lansing, Michi- 
gan. 


WELL-QUALIFIED MAN IN ELECTRICAL EN- 
GINEERING with Ph.D. to teach and to develop a 
research program in Electrical Engineering. Excellent 


ELECTRICAL ENGINEERING 





opportunity for the right man. Write Chairmar 
Department of Electrical Engineering, University of 
Nebraska, Lincoln 8, Nebraska. 


INSTRUCTOR IN ELECTRICAL ENGINEERING, 
preferably one with M. Sc. degree and some industria! 
experience, to teach general electrical engineering sub- 
jects. Will consider one with only a B. Sc. E.E. degree 
if he is willing to work for M. Sc. degree. Write Chair- 
man, Department of Electrical Engineering, University 
of Nebraska, Lincoln 8, Nebraska. 


RESEARCH ENGINEER—Graduate Electrical En- 
gineer for work on electrical conductors. Will study, 
by measurement, such electrical characteristics as elec- 
trical conductivity, d-c and 60 cps a-c resistance, react- 
ance, current rating, overload characteristics and check 
test results against theory. Familiarity with this 
specialized field desirable but not necessary. Required 
is a predilection for accurate experimental work, and a 
sufficiently broad physical and mathematical knowledge 
to analyze and interpret the results and to present them 
clearly in a well organized manner. Please reply to: 
Dr. E. W. Greenfield, Kaiser Aluminum & Chemical 
Corporation, Department of Metallurgical Research, 
Spokane 69, W edhinaien. 


PROFESSORS AND INSTRUCTORS to teach 
courses in electrical machinery, or communications and 
electronics at Junior, Senior and Graduate levels for 
Fall 1956. Ph.D. or P.E. preferred. Write Chairman, 
Department of Electric al Engineering, the City College, 
New York 31, N.Y. 


ELECTRONIC ENGINEER—For design and develop- 
ment work with high energy accelerators used in nuclear 
physics research program. Includes power electronics, 
ulsed circuits, vacuum systems and magnetic design 
Qualifications: degree in electrical engineering or en- 
gineering physics, five years experience. Month’s 
vacation, good conditions and benefits, competitive 
salary. ‘Send resume of personal history, education, 
experience and references to: Mr. J. J. Cochrane, 
Physics Research Laboratory, University of Illinois, 
Champaign, Illinois. 


SALES ENGINEERS—Excellent career opportunities 
for men with a minimum of six years equipment op- 
erating, layout and maintenance in telephone industry 
Degree in Electrical Engineering desirable. Salaries 
commensurate with education and professional history 
These positions offer unlimited opportunities for per- 
sonal growth and development. Send complete resume 
to Box 395. 


PRODUCTION ENGINEER—needed by fast growing 
manufacturer of air cooled and liquid transformers in 

sizes up to 2000 KVA. Unlimited opportunity for ad- 

vancement Reply stating age, education, experience, 
ersonal particulars and minimum salary expected 
ox 397. 


TRANSFORMER DESIGN ENGINEER—needed by 
medium size fast growing manufacturer of air cooled 
and liquid transformers up to 2000 KVA. Unlimited 
opportunity for advancement. Chicago area. Reply 
stating age, education, experience, person al partic ulars 
and minumum salary expected. Box 398. 


ELECTRICAL DRAFTSMAN—needed by fast grow- 

ing manufacturer of air cooled and liquid transformers 

Chicago area. Reply stating age, education, experience 

personal particulars and minimum salary expec ted. 
ox 399 


GRADUATE ELECTRICA ENGINEERS with or 
without experience for electric public utilit 5 
protection, substation and distribution design w 

able. Please write full particulars: Personne! 

P. O. Box 330, Hartford 15, Connecticut 


ASSOCIATE PROFESSOR specializing in Servo- 
mechanisms, Computers or Machinery. Ph.D. pre- 
ferred but will consider M.S h equivalent back- 
co Contact Chairman Electrical Engineering 
epartment, University of Kansas, Lawrence, Kansas. 


NUCLEAR POWER ENGINEER—As engineers and 
constructors specialized in power plants, we need a highly 
qualified engineer with knowledge of present day nuclear 
power reactor design. This is a permanent staff position 
offering exceptional opportunities for the right man 
Applicants must be willing to travel. Send resume of 
experience, references, and background of education 
Salers open. The Kuljian Corporation, 1200 North 
Broad Street, Philadelphia 21, Pennsylvania, 


MOTOR DESIGN ENGINEERS. Electrical en- 
gineering graduate to design fractional horsepower and 
military motors and synchros. Experienced or w ill train 
in design school. Must be citizen Salary dependent 
on experience. Other openings for ME and EE grad- 
uates. Wright Machinery Company. Subsidiary of 
Sperry Rand Corporation. Durham, North Carolina. 


MACHINE DESIGN ENGINEER—Opportunity for 
graduate electrical engineer to join leading manufacturer 
of AC electrical power apparatus. Position offers 
negotiations, design, test analysis, special projects and 


(Continued on page 81A) 
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Research 
and Development 


at Tucson 


The Hughes Research and Development Laboratories 
have now been extended to Tucson, Arizona, 

where the deadly air-to-air Falcon is 

presently being produced for the U.S. Air Force 

and Canadian continental defense interceptors. 


T his 1S inl line with a long-range program 
that includes application of the Hughes Falcon to more 
and more types of military aircraft. 


ENGINEERS 
PHYSICISTS 


New positions are being created in fields of 
specialization covering the complete range 

of structural, hydraulic, electronic, and 
electromechanical engineering. Experimental, 
analytical, or design abilities will be 

required of those who work in these areas. 


Scientific Staff Relations 


H U GHE S$ 


RESEARCH AND DEVELOPMENT LABORATORIES 


TUCSON, ARIZONA 





what helps a 


scientist grow? 


**Top-level associates” 
says Dr. Arthur Kantrowitz, 
noted authority in gas dynam 

me mbe r ot Avco Ad 
inced Deve lopme nt, and 


professor, Cornell University. 


“A scientist's effectiveness de- 
pends on mental stimulation 
provided by able associates 
It’s important at all levels 
and it is essential to a young 


scientist. 


**Technical sophistication” 
says Dr. E. R. Piore, former 
chief Scientist and Deputy 
Chief of the Office of Naval 
Research, now Avco V.P. and 
Chairman of its Committee on 
Advanced Research. 


“The more advanced, more 
challenging, the more techni- 
cally sophisticated his work 
the better a talented scientist 
will respond.” 


Here are four factors given by 


distinguished Auvco scientists. They reflect 
both the thinking and opportunity 


at Avco Advanced Development Division. 


**An atmosphere of inquiry” 


says Eaton H. Draper, noted 
nuclear weapons systems expert 
and Engineering Manager of 
Avco Advanced Development 
Division. 


“Provide a climate which en- 
courages a healthy questioning 
of the known, as well as the 
unknown, and a scientist or en- 
gineer will perform at his peak 

.and even beyond.” 


Helping talented scientists and engineers—at all levels—become 


more effective is the best way we, at Avco Advanced Development, 


know of helping our own growth. For that reason, we offer them 
assignments worthy of their abilities, stimulating associates, and 
the fullest technical support possible. Add to these factors the unique 
combination of small-company flexibility and large-company 
stability—and you have an environment ideally suited to growth. 
For outstanding men, Avco’s long-range expansion—in missiles 

and in all the physical sciences—offers unprecedented opportunity. 


Write Dr. E. R. Piore, Vice-President in Charge of Research, 


Room 406, Avco Advanced Development Division, 
Stratford, Conn., or Phone Bridgeport, Conn., DRexel 8-0431. 


WANTED: 


Leaders in the exploitation of new areas of Science 


Engineers 
Electronic * Mechanical « 
Aeronautical « Chemical 


‘*Freedom from routine” 
says Dr. Mac C. Adams, noted 


aerodynamicist, author of 
papers on aerodynamics and 
gas dynamics, and Director of 
the Avco Research Laboratory. 
“A scientist is most effective 
when he is free to direct his 
full energy against major 
problems. Adequate technical 
assistance releases him from 
time-consuming routine.” 


Physical Scientists 
Advanced degree preferred — in Physics « 
Aerodynamics * Electronics * Metallurgy « 
Physical Chemistry * Mathematics 


|avco| advanced development division 


MFG. CORP, 


avco defense and industrial products 


combine the scientific skills, and production facilities of 3 great Avco divisions of 
Avco Manufacturing Corp.: Avco Advanced Development; Crosley; Lycoming which 
currently produce power plants, electronics, air-frame components, and precision parts. 





Classified Advertising 


(Continued from page 79A) 


development of AC induction machines up to 5000 H.P., 
also De exciters. Up to 5 years related experience pre- 
ferred. Salary commensurate with education and ex- 
perience Reply stating age, education, experience and 
personal data. Location: Minneapolis. Box 405 


ELECTRICAL—ELECTRONICS TEACHER to 
teach lecture and laboratory courses in circuits, machines 
and electronics. M.S. in E.E. and industrial experience 
desired. Excellent opportunity for young man. New 
building and equipment. Opportunity for graduate 
work Write: Head, Engineering Department, San 
Jose State College, San Jose, California 


Positions Wanted 


ELECTRICAL ENGINEER, BSEE, Registered Pro- 
fessional Engineer, Age 31 Varied electrical experi- 
ence Presently heading consulting engineering firm 
handling power, lighting, controls, signals, et« Design, 
_——. supervision, inspection Managerial status. 
Jesire permanent position with growing organization, 
similar or divergent field. Western states only. Box 
400. 


ENGINEER 38, experienced plant electrical engineer- 
ing large chemical and industrial plants, including power 
generation and distribution, motor application, controls, 
maintenance of electrical and electronic equipment 
Some experience general plant engineering pe plant 
utilities. Prefer eastern U.S. Box 402 


ADMINISTRATIVE ENGINEER; electrical grad- 
uate; age 33; over nine years experience with large 
electrical manufacturer, includes four years supervisor 
pean t service and technical publications. Responsi- 
vilities include organization planning, position analyses, 
hiring and training engineers and technicians, quota- 
tions, contracts, budgets, schedules and programming 
Extensive contacts at Air Force and Navy maintenance 
and overhaul activities Three years in Navy as en- 
gineering officer. Desires more challenge with smaller 
concern. Box 403. 


CHIEF ENGINEER, PLANT MANAGER, MSEE, 29 
years experience Europe, South and North America 
Transformers or Electrical Industrial Equipment. Good 
organizer. Desires change. $15,000-18,000 Would 
return to South America. Box 404 


ENGINEERS 


ELECTRICAL 
or 
MECHANICAL 


For design and develop- 
ment work on the follow- 
ing aircraft accessories: 
@ ROTATING MACHIhce¥ 
@ VOLTAGE REGULATORS 


@ CONTROL AND PROTEC- 
TION EQUIPMENT 


@ MAGNETIC AMPLIFIERS 
AND TRANSISTORS 


For further information 
write: 
CHARLES S. CLEVELAND 


Coordinator 
of Technical Placement 


ECLIPSE PIONEER DIVISION 


BENDIX 
AVIATION CORPORATION 


Teterboro 


dimen 


New Jersey 
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ENGINEERS UNLIMITED... 


This might well be 


the most important letter 


4 s ” 
Ws ever write 


... because it could open the door to a 


lifetime job in a wonderful company 


If you’re an Electrical Engineer, with a 
high degree of skill and imagination in 
any of the twenty-odd fields listed right, 
we believe we can offer you the most 
promising opportunity in America. 

Since 1940, Stromberg-Carlson’s vol- 
ume has increased sixteen times. In 1955, 
we became a division of the headline- 
making General Dynamics Corporation. 
Our future is as unlimited as humans can 
promise themselves—and you could well 
grow with us. 

We are not looking for job-hoppers— 
but for men now stymied either by the 
limitations of a litthke company or the 
complexity of a giant. In any of the job 
classifications listed here, you'll find sat- 
isfaction and opportunity. 

And you'll like Rochester—well-known 
for its grand schools, handsome residen- 
tial sections and wide entertainment, va- 
cation and cultural facilities. This firm’s 
employee relations (including a liberal 
bonus plan) make it one of the state’s 


preferred industries. 


Write today—for an assured tomorrow! 








Audio Amplifiers 

Auto Radio 

Automation Research 
Carrier, Wire-Line 
Countermeasures 

Data Processing 

Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 

Intercom Systems 
Laboratory and Test 
Engineering 

Loudspeaker 

Magnetic Tape Recorders 
Microwave, communication 
Navigational Systems 
Radar 

Telephone Switching Technique 
Transistor Engineering 
Voice communication 
Writers—Bid Proposal 
Writers—Technical 





Send your letter to Director of Technical Personnel 


STROMBERC-CARLSON COMPANY 


A DOiviSton OF GENERAL OYNAMICS CORPORATION 


Rochester 3, N.Y. 








ENGINEERS 


Electrical @ Mechanical 


PHYSICISTS 


You can be SURE 


eo Of professional recognition 


eo Of a successful 
financial future 


at the 


ELECTRONIC TUBE DIVISION OF 


Westinghouse 


IN ELMIRA, NEW YORK 


Yes... you can count on a friendly 
and creative atmosphere . . . world- 
important work . . . where every- 
body is on “your team”... and 
your talents are tangibly rewarded. 
You and your family can also 
count on enjoying the “Elmira” 
way of life, a great combination of 
vacation-land facilities, with all 
city advantages. 


Openings in: 


TUBE DESIGN APPLICATION 
& DEVELOPMENT ENGINEERING 
MICROWAVE TUBES for each of the aforemen- 
Magnetrons, traveling wave tioned fields 
tubes, klystrons, reference 


cavities, and other devices 


TEST & MFG. 
EQUIPMENT DESIGN 
PICK-UP DEVICES: | Im- Seasoning and test units 
age orthicon, vidicon, infra- induction heaters, wave 
red, X-ray image intensifier guide apparatus, high-fre 
quency oscillation test units 


automatic receiving-tube 


CATHODE RAY TUBES 


test circuits. 
Color and black-and-whit« 


MFG. ENGINEERING 
OTHER TUBES: Inclu 


receiving and powe receiving or color TV tubes 


area, or travel 
mira tnterviews. 


Send resume to: R. M. Jarrett 


WESTINGHOUSE ELECTRIC CORP. 
P. ©. Box 284, Elmira, N. Y. 


Microwave, image orthicon, 





the engineer...the scientist...and the 
future 


Professionally and personally, engineers and scientists look to the future. They 
seek lasting, satisfying careers . . . not ‘‘jobs'’ that merely meet the needs of the 
moment. And this search inevitably poses the question: ‘What makes a desirable 
career?’ For the man of real ability, this question becomes largely a choice of 
opportunities. He is the man we need and want... here is what we offer in return 


CHALLENGING OPPORTUNITIES—Our engineers and scientists work in the 
forefront of a unique field the design and development of nuclear weapons 
They meet and solve new and stimulating problems in a broad range of research 
and engineering activities 


PROFESSIONAL GROWTH—Close working relationships with outstanding 
leaders in many fields, coupled with the advanced nature of many of the projects 
involved, provide outstanding opportunities to acquire new knowledge and inval- 
vable experience. Advanced study is encouraged, and courses are available locally 


COMPENSATION — Salaries at Sandia are competitive with those offered in other 
industry. Employee benefits include very liberal paid vacations, free group life 
insurance, sickness benefits, and a generous contributory retirement plan. Inter- 
view and liberal relocation expenses are paid by Sandia Corporation 


INDIVIDUAL ADVANCEMENT —Progress of Sandia engineers and scientists is 
reviewed at regular intervals, and promotions and salary increases are awarded 
on the basis of individual merit 


STABILITY —Sandia Corporation is a subsidiary of the Western Electric Company, 
operating Sandia Laboratory under contract with the Atomic Energy Commission 
We offer permanent positions to graduate engineers and scientists 


WORKING CONDITIONS —Our engineers and scientists work in air-conditioned 
comfort in modern, well-equipped laboratories and shops, designed to provide 
every aid to effective operation 


LIVING CONDITIONS—Sandia Laboratory is located at Albuquerque, New 
Mexico a@ modern city of 160,000, famous for its mild, dry climate. Albuquerque 
provides all metropolitan advantages, and recreational and cultural attractions 
abound. Housing is readily available 


CAREER OPPORTUNITIES NOW EXIST FOR: 


Mechanical, electrical, and electronic engineers at all degree levels. Physi- 
cists and engineering physicists with MS or PhD degrees. Mathematicians 
at PhD level only. Aerodynamicists at MS or PhD levels, or BS with at least 
5 years’ experience 


IF YOU ARE INTERESTED IN WHAT THE FUTURE MAY HOLD FOR YOU AT 


SANDIA LABORATORY we will welcome the opportunity to send you full 
details. Write 
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SAIN DLA 


CORPORATION 


ALBUQUERQUE, NEW MEXICO 
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3d SENIOR ENGINEERING JOBS 


WELL WORTH LOOKING INTO... 


Senior Engineer 


DYNAMICS 





6-10 years experience in ana- 
lytical dynamics and control 
system synthesis. Some famili- 
arity with structural dynamics 
and microwave systems is de- 
sirable. Ability to direct and 
train engineers. Advanced 
formal training in analytical 
dynamics and/or servo loop 
analysis is essential. 





Senior Engineer 


MEASUREMENTS 
& STANDARDS 


7-10 years in field of electrical 
and electronic measurements 
and standards. Knowledge of 
and experience with calibration 
of instruments and test equip- 
ment in fields of vibration, 
impact, microwave, UHF & VHF, 
video and audio and associated 
equipments such as DC and AC 
meters, ‘scopes, bridges and 
recorders. Supervisory ability 
required. 


Senior Engineer 


ELECTRONICS 





6-10 years experience 
In missile or radar 
electronics. Advanced 
education or equivalent 
development experi- 
ence is highly desirable. 





Here are three especially attractive job op- 
portunities for engineers who want to get 
on the ground floor in the important, in- 
teresting, and challenging phase of a new 
industry —guided missiles. 

* Qualified men are given real job responsi- 
bilities with Bendix and grow with the de- 
velopment of what is not only the nation’s 
most important weapon system, but a project 


that will undoubtedly lead to new and im- 


portant long-range commercial application. 

At Bendix you will be associated with top 
missile authorities and have at your command 
unexcelled engineering and manufacturing 
facilities. Salaries for these top jobs and other 
opportunities are open for discussion. Write 
today to: Mr. W. L. Webb, General Manager, 
Missile Section, Bendix Products Division, 
Bendix Aviation Corporation, 402 North 
Bendix Drive, South Bend, Ind. 





23 OTHER ENGINEERING POSITIONS! 


Bendix also offers unusual job opportunities detail every phase of our guided missile oper- 
for assistant engineers, junior engineers, ation will be sent to you on request. If you are 
and technicians, as well as a score of other interested in guided missiles, this book is 
assignments. A 30-page book describing in bound to interest you. Write for it today. 
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ENGINEER: 
Engineer, E. E. ELECTRICAL CONTROL SYSTEMS 


for 


- CONTROL NUCLEAR PROPULSION PLANT 


ANTENNA DESIGN ce) The pioneer in atomic power has a challenging 
opening for an engineer with a minimum of four 


years experience, preferably in transient analysis 
A position is now open with of electrical circuits and/or servomechanisms. 








General Electric’s Naval Ord- 
nance Department for an engi- We prefer a man who has had some supervisory 
neer able to apply original experience or who possesses definite manage- 
thinking and creative design ment potential. 

approaches to the problems of 
fire control and antenna design. Salary open, depending on education and experi- 
He should have 3 to 5 years ence. Degree and U. S. Citizenship are required. 
Pleasant suburban living in Western Pennsyl- 


broad experience in the field of 
vania. 


electrical design 








An enquneer with more limited 
experience but creative ability in Send Resume to: 


design can also qualify for assign- MR. A. M. JOHNSTON 
ment, in this field which will also WESTINGHOUSE BETTIS PLANT 
include coordination of activities P.O. Box 1468, Dept.-ECS, Pittsburgh 30, Penna. 


with other departments (especially ee 


engineering units and manufac- 














turing ) produc ing clear, comple te 
technical directions and instruc- 
tions to drafting, and working 


closely with Senior engineers. 


AN EXCELLENT AND CHALLENGING OPPORTUNITY 


GE promotes individuality in 
work, offers an unmatched | 

professional atmosphere, and | JUNIOR ENGINEERS WITH A DEGREE IN 
provides an unusually compre- | MECHANICAL OR ELECTRICAL ENGINEERING. 


hensive package of benefits, 


including a stock bonus plan. 
These jobs are in the design and development of explosion 


proof fittings and electrical connectors in the Industrial 


The Naval Ordnance Depart- . 5 
4 “tn green — Electrical Field. 


ment is located at Pittsfield, 
in the heart of the Berkshire 
This is a permanent project offering excellent opportuni- 
ties for originality of thought and action. 


vacation area, 


For more details write to: J A . 
To arrange for an interview please write to: 


Manager 
Engineering Admin 


uch Celene Real. Mr. C. A. Miller, Personnel Manager 


The Pyle-National Company 
1334 North Kostner Avenue 
Chicago 51, Illinois 


GENERAL @@ ELECTRIC 


100 Plastics Ave., Pittsfield, Mass. 
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Boeing offers a real 


This Boeing electrical engineer Is deter- 
mining antenna properties that will in- 
fluence the design ot supersonic airplanes 
which still are In their prelimin iry study 
His iob 
for tasks 


altitudes and speeds never reached before 


stage. to help develop equip 


ment never done before, at 
—is typical of the creative challenge to 
electrical engineers at Boeing. 


Electronic and electrical 


are vital to high-performance Boeing jet 


equipme nt 


aircraft. And the importance of the elec 
trical engineer's art is growing steadily 
in guided missile control, structural and 
flight test instrumentation, acoustics, e\ al 
uation of electronic systems, and other 
fields. If you. want a chance to grow, 
there’s a place for you on a Boeing re 
search, design or production team. 


creative challenge to 


Recent Boeing developments like the 
jet bombers, the F-99 
first jet 


3-47 and B-5 


guided missile, and America’s 
tanker-transport are evidences of solid 
growth and engineering skill. New proj 
under way in widely 
fields rocket, 
ram jet and nuclear propulsion, super- 


ects are alre j 
diversified engineering 
sonic flight, guided missiles, research in 
new materials, and much more. 

Boeing now employs nearly twice as 
many engineers as at the peak of World 
War II. 


\s a Boeing engineer, you will work with 


\nd more engineers are needed. - 


the most advanced equipment, like elec 

tronic computers, the world’s most versa 
tile privately owned wind tunnel, superb 
laboratories, and the huge new Flight 
Test Center. 


electrical engineers 


You can be sure of individual recog 
4 
0 1 tightly 


Promotion ome from 


nition at Boeing as a member « 
knit 


within 


‘team.” 
the organization 
You will be encouraged 


hile working, 


merit reviews. 


to take gI iduate studies w 


and will be reimbursed for all tuition 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. E-48, Seattle 14, Wash. 


Please send further information for my analysis 


| am interested in the advantages of a career 


with Boeing 


Name 
University or 


college(s) 


ddress 


City Zone 


SOLEMN iF 


Aviation leadership since 1916 
WICHITA, KANSAS 


SEATTLE, WASHINGTON 
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THE UNIVERSITY OF MICHIGAN 


ENGINEERS AND 
SCIENTISTS 


Unusual opportunities for outstanding and experi- 
enced men are available at The University of 
a tt Willow Run Laboratories. Research 
ineers and Physicists with advanced degrees 
ae experience in the fields of: 


DIGITAL COMPUTER LOGICAL DESIGN e 

INFRARED @ ACOUSTICS ¢ DIGITAL COM- 

PUTER PROGRAMMING e— ELECTRO- 

MAGNETIC THEORY ¢ COMMUNICATIONS 

CIRCUIT DESIGN ¢ COMPONENT DEVEL- 

OPMENT @ RADAR @ OPTICS ENGINEER- 
ING ¢ SYSTEMS DESIGN 


Salary commensurate with training and experience. 
Excellent working conditions. Liberal vacation 
policy along with other fringe benefits. Unusual 
opportunity to carry on University graduate studies 
while working full time. Moving expenses paid. 
U. S. Citizenship required. 


Write, giving details of education 
and experience, to 


Technical Personnel Representative 
The University of Michigan 
Willow Run Laboratories 
Ypsilanti, Michigan 


Power Plant Research Engineer 


Recent Electrica] Engineering or Technical School 
graduate wanted for interesting Laboratory and 
Field Investigation assignment with rapidly ex- 
panding Boiler & Machinery Insurance Company. 
Starting salary $380 to $450 per month ay 2 2H 
upon qualifications. Attractive new 

located in suburban Boston. 3614 hr. work week. 
Send resume to: 


acilities 


Personnel Manager 


MUTUAL BOILER & MACHINERY INSURANCE CO. 


225 Wyman Street 
Waltham 54, Massachusetts 





LOCATION: Fast growii ag Kanga company in a large, 


RESPONSIBILITIES: Management of all 


EXPERIENCE: Diversified engineering 


AGE: 35-45 desirable. 
SALARY: Commensurate with the high level qualifications de- 


REPLY: Confidentiali eee. Write Box 385, Electrical Engi- 


UTILITY EXECUTIVE ENGINEER 


progres- 
sive city in the nation’s number one state in rate 

industrial aay and number two in tion 
growth. 

engineering operations of 

company. Supervision and training of engineering de- 
partment. 
“ geolecsing ro nd in electric utility 
company, inclu a@ minimum of three years su 
ing engineers. ig must have fendoschie ability, 
with potentiality for further advancement. Ability will 
be as of greater importance than just years of 
experience, 


ded by the p 





ng: 500 th Avenue, New York 36, giving summary 
of qualifications. 




















Engineers 
WORK FOR 


Holmes & Narver, Inc. 
LIVE IN 


SUNNY CALIFORNIA 


Engineers—Designers—Draftsmen 


Many challenging positions exist for qualified Engineers, Designers & Drafts- 
men in our Los Angeles office. 





Holmes & Narver, recognized for its outstanding performance with a world- 
wide reputation for successful operation, has been in business over twenty 
years. 





Here’s your opportunity to join an expanc ding progressive engineerin; com- 
pany engaged in the design & construction of large commercial & industrial 
facilities, 





Immediate openings exist in the following field: 


Electrical 
INDUSTRIAL LIGHTING, POWER DISTRIBUTION & CONTROLS 


Please forward your resume indicating experience, education and salaries 
to Mr. A. W. Jamieson, 828 S. Figueroa St., Los Angeles, California. All 
replies will be held in strict confidence. 


HOLMES & NARVER, INC. 
828 S. Figueroa St., Los Angeles, Calif. 
CITIZENSHIP REQUIRED 


DO YOU WANT AN ENGINEERING 
JOB WITH A FUTURE? 


THE OHIO VALLEY ELECTRIC CORPORATION, 


a new Company operating two large steam gen- 
erating plants in the Ohio Valley has opportunties 
now for TEST (efficiency), METER, RELAY, 
and COMMUNICATIONS Engineers. If you 
have an engineering degree and are interested in a 
fine opportunity, write Personnel Director, Box 
168, Chillicothe, Ohio. 
































Electrical Engineers 


Assistants to project engineers will be interviewed. 
Well rounded men having 3 to 4 years experience, 
BS degree, interested in design of specialty trans- 
formers and voltage regulators needed. This is an 
opportunity to work in New England with a 
smallercompany. Send complete resume including 
education, experience, salary and history to: 





William P. Carpenter 
The Superior Electric Company 
Bristol, Connecticut | 
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ENGINEERS 


for immediate placement 


Engineering at NCR: 


1. Immediate, permanent positions in Mechanical 
Engineering, Electrical Engineering and Physics Research 
Divisions. 


2. Engineering project work in Adding Machines, 
Cash Registers, Accounting Machines, Computers and 
related Data Processing Equipment in Dayton, Los 
Angeles, and Ithaca, New York. 


3. Opportunities in design, development, produc- 


ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRONIC ENGINEERS 


COMPUTER ENGINEERS 
SOLID-STATE PHYSICISTS 


tion-engineering and packaging of mechanical, elec- 
tronic, and electromechanical devices 


4. Some experience in development, design, and 
application of high-speed, light-weight mechanisms of 
the intermittent-motion type; or, experience in digital 
devices and components, is desirable, but not essential. 


5. Ample training and indoctrination is available 
to all employees 


As an NCR engineer you, with your family, will enjoy: 


1. UNLIMITED OPPORTUNITY in the broad, ever- 
expanding field of Business Machine Engineering and 
Research. 


2. AN EXCELLENT SALARY, plus exceptional bene- 
fits of lifetime value for you and your family 


3. A RECREATIONAL PROGRAM for year-round 
enjoyment of the entire family, including a new NCR 
Country Club with 36 holes of golf, and a 166-acre 


employees’ park for outings with swimming, boating, 
and supervised play for the children. 


4. LIVING IN DAYTON 
attractive, progressive 
facilities. 


considered a clean, 
city with outstanding school 


5. YOUR WORK AT NCR with its friendly, family 
atmosphere, with its employee morale at a very high 
level, and with people who, like yourself, have decided 
to build their professional future with NCR 


ACT AT ONCE — Send résumé of your education, experience and 


geographic preference to: 


EMPLOYMENT DEPARTMENT, TECHNICAL PROCUREMENT SECTION 3 


THE NATIONAL CASH REGISTER COMPANY 
Dayton 9, Ojnio 


*Trade-Mark—Reg. U. S. Pat. Off. 
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_ GENERAL MOTORS 


o™. 


ENGINEERS 
DESIGNERS 
NEEDED! 


G.M. ELECTRONICS DIVISION 
offers challenging, pioneering oppor- 
tunities to ambitious men. We ex- 
tend a cordial invitation to every 
deserving Engineer and Designer to 
write us their wants. We may be 
able to supply the square hole for 
the square peg! 





CREATIVE OPPORTUNITIES 
in the following fields: Missile Guid- 
ance Systems; Jet and Turbo Prop 
Engine Controls; Bombing and 
Navigational Computer Systems; 
Airborne Fire Control; U.H.F. Com- 
munications, 


YOUR FUTURE 


depends on your making the 
right connection with the right 
firm as quickly as possible. Why 
not send full facts about your 
education, work background, 
etc. We will do all we can for 
you and treat it with the full- 





est confidence. 


AC SPARK PLUG @¢@ THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


MILWAUKEE 2, WISCONSIN 











challenging, creative 
remunerative 


@ AIEE 
TRANSACTIONS 
INDEX 


CAREER 
OPPORTUNITIES 





for experienced 


GRADUATE ELECTRICAL ENGINEERS 


e the change now 
| lopment 
153 years, du 


A number of copies of the 
cumulative index covering 
the papers and discussions 
published in AIJEE TRANS- 
ACTIONS during the years 
1939-1949 are still available. 


Mak meet the challenge of the future and your own 
deve with a rewarding du Pont career An industrial leader for 
Pont’s keyword is continuing growth Be a pioneer in du 
Pont’s vast and diversified engineering programs of today and tomorrow 
Apply today for immediate openings in the Design Division of du Pont's 
Engineering Department—one of the largest in the world, presenting 
ortunities for advancement and development through association 
reative minds of the highest calibre in all fields of engineering. 
Fill one of the six immediate openings for Electrical Designer-Engineer. 

Fou 4 minimum of four and the other f 
ndustrial plant elec 
ions, outside lines and underground systems 


r require nine years’ broad experi- 

r trical distribution systems, including trans- 
Applicable 
should also include application of motor drives, electric 
ystems and industrial lighting to chemical manufactur- 


The purchase price of this 
index is $2.50 per copy to 
AIEE members and to non- 
members. 


cessful applicants will design and engineer systems as outlined above, 
giving consideration to economic installation and maintenance features. 
They will also assist in the development of single line and detailed dia- 
grams, prepare installation drawings, write specifications, order materials 
and assist construction personnel in installation problems. 


Better Things for Better Living 
++-through Chemistry 


Please send complete resume, including 


details of education and experience, to: 


Address orders to: 

AIEE ORDER DEPARTMENT, 
33 West 39th Street, 
New York 18, N. Y. 


MR. T. J. DONOVAN 


Engineering Department 


E. |. du Pont de Nemours & Co., Inc. 


Wilmington 98, Delaware 
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DO ENGINEERS GET JOBS TOO EASILY? 





Producer of electronic 

data processing machines, 
electric typewriters, 

and electronic time equipment. 








Never before has it been so easy for an engineer 

to get a job. Just because jobs are so abundant, it’s 

harder than ever to choose the right one—and 

that means choosing the right field and the right company! 


One of the most striking trends in America today is the growing 


reliance of science, government and industry on computers. 


Future growth in this field appears certain to be spectacular— 


offering virtually limitless opportunities to engineers. 


Nowhere are prospects brighter than at IBM, creator of the 

first automatic large-scale digital computer. More than that, 

the world’s largest computer is the product of IBM inventiveness. 
Hundreds of IBM electronic data processing machines are 
already in use, and many more will be installed in 1956. 

IBM’s proud history of electronic achievement is a direct 

and positive outgrowth of a distinctive engineering climate— 

an atmosphere that stimulates and fosters the fresh approach, 

the new concept. 

There is unprecedented opportunity waiting for you at IBM— 


experience that money couldn't buy. 


You owe it to yourself to investigate. 


Write, outlining your interests and qualifications to: 
W. M. Hoyt, International Business Machines Corp., 
Room 302, 590 Madison Avenue, New York 22, N.Y. 











HOW INCREASED 
SYLVANIA SALES 





HELP YOU 
AS AN ENGINEER 


Sylvania has quadrupled its 1947 sales 

and is expanding rapidly. We plow back 

into research and engineering an unusually 

high percentage of each year’s income; it rates 

with the highest figures in industry today. These increases 
make for a broader based engineering while adding engi- 
neering management...creating unusual opportunities for 


men of talent. 


At the base are recent college graduates with little or no 
experience. Filling in the essential positions of research 
direction, supervision and testing are engineers with expe- 
rience and proven ability in their specialized fields. 


Increasing our overall research constantly creates open- 
ings. These openings lead eventually to far greater re- 
sponsibility either in engineering management or research 
specialties. Top engineers are key men in creating new 
and better products that open new markets to Sylvania. 


There are openings now for experienced men at Sylvania. 





WALTHAM Laboratories 


Majors in E.E., M.E., Math, 
Physics. Research & Development 
experience in — 





Avionics 
Countermeasures 
Systems Analysis 
Transistor Applications 
Noise Studies 
Antenna Res. & Dev. 
Systems Development 
Mechanical Design 
Miniaturization 
Digital Computer 
Circuits & Systems 
Circuit Designs 
Shock & Vibration 
Technical Writing 
Missile Analysis 
Missile Systems 
Radar Research & Development 
Missile Guidance & Ground 
Equipment Analysis 
Systems Evaluation Operations 
Research 


Erling Mostue ! 


100 First Ave. 
Waltham, Mass. 


BUFFALO Engineering 
Laboratory 


Majors in E.E., Math or Physics 
Experience in Advanced Develop 
ment and Product Design 





Information Theory 
Advanced Circuit Design 
VHF-UHF Systems Design 
& Evaluation 
Logical Circuit Design 
Mathematical Analysis and/or 
Numerical Computation 
Pulse Techniques 
Data Processing Devices 
Magnetic Amplifier Techniques 
Servo Techniques & Applications 
Digital Computer Design 
Control Circuits & Devices 





Please forward resume to: Professional Placement Supervisor 


INTERVIEW & RELOCATION EXPENSES 
WILL BE PAID BY SYLVANIA 


Sylvania provides financial support for 
advanced education as well as liberal in- 
surance, pension and medical programs. 

| 


penhionndnionemmatennss | 


E. F. Culverhouse 
175 Great Arrow Ave. 
Buffalo 7, N. Y. 


Your inquiries will be answered within 2 weeks 


¥ SYLVANIA ¥ 





CLASSIFIED BIBLIOGRAPHY 
ON 
INSULATED CONDUCTORS 


Special Publication S-73 


NEW 
A New Approach 
A New Philosophy 


CONVENIENT 
For Quick Reference 
Easier to Read than 


a Log Table 


PERPETUAL 
Yearly Additions 
Continually Up-to-date 


CLASSIFIED 
By Years (1930-1953) 
By Publications (20 groups) 
By Subjects (12) 
By Subsubjects (64) 


For complete description of 
this new system for referenc- 
ing technical data, see Elec- 
trical Engineering, July 1955, 
page 567. 


Price: $1.00 
(no discounts for member.) 


Copies may be obtained 
from: 


COMMITTEE ON 
INSULATED CONDUCTORS, 
AIEE 


P. O. Box 128 


Hastings-on-Hudson 6, 
New York 


SYLVANIA ELECTRIC PRODUCTS INC. 
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ENGINEERS 
AND SCIENTISTS... 


HELP US SOLVE TODAY’S 
MOST ADVANCED PROBLEMS 


Here is the basic challenge at Autonetics: to make missile and aircraft 
electro-mechanical systems and components smaller and lighter —yet able 
to function perfectly under blistering heat, “earthquake” shock and 
extreme humidity conditions. 

AuTonetics—North American’s separate electro-mechanical division— 
currently has nearly 100 projects in startling new concepts of systems 
design... principles of guidance and control —now under development 
and in production—that haven't yet been printed in journals or texts. 
There are many projects in guidance and control for North American’s 
SM-64 Navaho Intercontinental Guided Missile. Projects in ingenious 
autopilots and fire-control systems for today’s and tomorrow’s ultrasonic 
manned aircraft. And many other projects equally exciting and challeng- 
ing. 


The tools at your command at Autonetics include the most advanced 
research and test facilities... latest digital and analog computers. You'll 
enjoy the professional recognition of working in this advanced atmosphere 
with leading scientists and engineers. 


It will pay you to look into a career at Autonetics today. From every point 
of view, you'll find it the most advanced state of your art. 


immediate openings for: 


Computer Specialists Relay Specialists 

Electro-Mechanical Designers Computer Programmers 

Environmental Test Engineers Computer Application Engineers 

Electronic Component Evaluators Automatic Controls Engineers 

Instrumentation Engineers Electronic Engineering Writers 

Fire Control Systems Engineers Inertial Instrument Development Engineers 

Flight Control Systems Engineers Preliminary Analysis and Design Engineers 
Also openings for Draftsmen and Technicians 


write: 
Mr. D. S. Grant, Engineering Personnel Office 
Autonetics, Dept. 991-20 £E,12214 Lakewood Bivd. 


Autonetics 
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Engineering 
Societies 


Personnel 
Service, Inc. 


New York Chicago 


8 West 40th St 84 East Randolph St. 


Detroit San Francisco 
100 Farnsworth Ave. 57 Post St. 


In applying for positions advertised by the Serv- 
ice, the applicant agrees, if actually placed in a 
Position nage yl Service asa result of these 

I t fee in accordance 
with the rates as Tisted by the Service. These rates 
have been established in order to maintain an 
efficient, non-profit personnel service and are avail- 
able upon request. This also applies to registrants 
whose notices are placed in these columns. 

Apply by letter addressed to the key number 
and mail to New York Office. When making 

fora ition include six cents in stamps 
for Erecting application to the employer and for 
g when y. A weekly bulletin of 














Engineers and Scientists: 
INSTRUMENTATION SYSTEMS ENGINEERING 
for MILITARY APPLICATIONS 





SALARIES UP TO $14,000. 


IN THESE NEW PROGRAMS AT THE MISSILE TEST PROJECT, FLORIDA 


Have you as an engineer or scientist considered the 
problems and projects associated with the instrumentation 
and control of a long range missile, guided over a course 
that extends thousands of miles? 


To achieve precision performance, missile launching 
and guidance require a vast network of instrumentation 
and control. New development programs have created 
challenging opportunities for Electronics Engineers 

and Scientists who are interested in data acquisition, 
transmission, recording and processing systems. 


A world leader in electronics provides instrumentation 
for the Air Force Long Range Testing Laboratory, which 
extends from Patrick Air Force Base, on the Central 
East Coast of Florida, to the Mid South Atlantic. 


You will enjoy top salaries, liberal company-paid benefits, 
and ideal Florida living for you and your family. 
Relocation assistance, too. 


TODAY .... get complete information on 
arrangements for personal interview. 
Send a complete resume of your 
education and experience to: 


PERSONNEL MANAGER 

MISSILE TEST PROJECT—Dept. N-9B 
P. O. Box 1226 

Melbourne, Florida 


MISSILE TEST PROJECT 


Meibourne, Florida 





9 § positi open is ilabl 
of the c ti ieties at a subscription rate of 
$3.50 per quarter or $12 per annum, payable in 
advance. 

















Men Available 


MAINT OR FIELD ELEC ENGR, age 45, with 20 
yrs exper field and maint elec engr of metal working 
tools, heat treating, plating and pun ant eq a Location 
desired, South or Midwest E-847-397-Chicago 


Positions Available 


ASSISTANT OR ASSOCIATE PROFESSOR in 
electrical engineering. Should have experience in elec- 
trical machinery and industrial electrical engineering 
At least a Master’s degree in electrical engineering; 
teaching experience desirable, but not essential Salary 
$6000 a year for Assistant Professor; $6800 a year for 
Associate Professor Location, New York State 
W2523 


MARKETING ANALYST, electrical, mechanical or 
industrial graduate, desirous of entering consult ng- 
marketing field. Any experience in small electrical or 
mechanical products desirable. Considerable travel 

Salary open, plus — “7 are in business. Headquarters 
New York, N.Y. W2 


SENIOR DESIGN ENGINEER with degree in ele 
trical engineering, physics or mechanical engineering, 
with emphasis on electronics; at least five years’ experi- 
ence in work listed below. Must be U.S. citizen. Will 
investigate, develop ideas on, experiment with and 
analyze functions of prototypes, components and 
systems. Develop basic design and schematic diagrams 
Salary, up to $8000 a year to start plus liberal benefits 
Location, New York Metropolitan area. W2542 


PROFESSOR, Assistant or Associate or Full, with M.S 
degree in electrical engineering Experience in higt 
frequency desirable. Will teach basic electronics com- 
munications and fundamental electrical engineering 
courses. Rank and salary dependent upon experience 
Salary, $4500-$7000 a _ year Location, Midwest 
W2550-D2517 


ELECTRONIC ENGINEER, 28-40, graduate, spe- 
cializing in electrical engineering, with four to seven 
years’ experience working with electronic circuits 
particularly radio frequencies, D.C. and video amplifiers, 
electric wave filters, limiters, trigger circuits and thyra- 
tron control —— in design of military equip 
ment desirable Nill be responsible for all design of 
electronic components used in special recording appara- 
tus and test equipment; supervise layout and detailed 
drawings, complete specifications, etc., check perform- 
ance of pilot models; analyze existing patents. Salary, 
$6864-$9724 a year. Location, Connecticut. W2552 


CHIEF OF RELAYING STUDIES, graduate profes- 
sional engineer, to prepare design and specifications of 
relay protection for power systems with two million h.p 
generating capacity, to carry out analysis of relay opera- 
tion and to supervise training of relay personnel 
Should have at least five years’ experience and be 
under 40 years ofage. Location, Brazil. F2569 


PROJECT ENGINEER with specialization in electrical 


engineering, and with a knowledge of electronics, for 
eee processing company. Location, New Jersey 
N 


ELECTRICAL ENGINEERING 








ENGINEERS a) Senior Research Physicist, 25-30, 
Ph.D. in physics, with competence in statistical me- 
chanics and quantum mechanics, to do indepe ndent re- 
search; measure fundamental properties of atoms and 
molecules as interatomic potentials; ionization and 
excitation cross seenuons diffusion—cross sections inter- 
pretation of experimental results, theoretical calculations 
Salary, $7000-$8300 a year b) Senior Engineer, 
B.S.E.E., Master’s or Ph.D. in physics or electrical en- 
gineering, with 15 to 18 years’ experience in engineering 
and technology. Electronic physicist in instrumentation 
aerodynamics; gas dynamics-short pulse techniques 
nicrowave. Original work in experimental shock tube 
chemical problems. Theoretical math-research lab- 
oratory. Salary, $12,000a year. Location, New York, 
.Y. W2596 


ENGINEERS, electrical, mechanical or aeronautical 
graduates, or with degrees in engineering physics or 
mathematics a) Product Designers for jet engine 
controls, analog computers, electronic test equipment, 
aircraft armament system components b) Systems 
Engineer for gun fire control systems, missile fire control 
systems c) Quality Control Designers d) Product 
Evaluation Engineers for test procedures, flight testing, 
instrumentation, data conversion, electronic development 
and reliability engineering. (e) Technical Writers 
Salaries open. Location, New York State W2603 


QUALITY CONTROL ELECTRONIC EN¢ sINEER, 
25-35, for radar, fire control, communication, naviga- 
tion, design test equipment, set up and direct laboratory 
personnel in test procedures. Salary, $8500 a year 
Location, New York Metropolitan area. W2612 


TEST CIRCUIT DESIGNER, electrical graduate, 
with experience covering test of electronic tubes. Salary 
$6000-$8000 a yez Location, Newark, N. J. area. 
W2622. 


ASSOCIATE EDITOR, 30-40, electrical graudate, 
with design, product engineering and technical writing 
experience in electrical equipment and control fields. 
Salary, $8000-$10,000 a year Location, New York, 
N. ¥ W2636 


ENGINEERS a) Communications Engineer, grad- 
uate electrical; some experience in radio, telephone or 
telegraph engineering or operation work; some knowl- 
edge of Spanish desirable but not essential. Salary, 
$7200-$12,000 a year b) Maintenance Engineer in 
maintenance and operation of radio and telephone equip- 
nent, both manual and dial type; knowledge of tele- 
phone transmission testing and aerial wire line and cable 
testing for faults. Salary, $6000-$9600 a year. Loca- 
tion, Venezuela F2657 


DESIGN ENGINEER with electrical engineering train- 
ing and at least three years’ experience covering design 
and layout of electrical facilities for commercial and 
industrial buildings. Salary, $6000-$8000 a year 
Location, State of Washington W2660 


PROJECT ENGINEER, graduate electrical, with 
studies in production methods; about seven years’ ex- 
perience in design of electronic mechanical devices for 
manufacturer. Knowledge of moden manufacturing 
techniques for producing electro-mechanical equipment 
essential Salary, $7740-$8256 a year. Company will 
pay placement fee b) Engineer or Physicist, graduate 
physicist or mechanical engineer with studies in optics 
About two years’ experience in optical mechanical freed 
designing and testing optics and optical systems. Knowl- 
edge of standard tests for laboratory equipment desired 
Salary, $4644-$5930 a year. Company will pay place- 
ment fee Location, New York Metropolitan area 


ELECTRONIC ENGINEERS a) Electronic En- 
gineer, B.S. in electrical engineering, with advanced 
studies in radar, with about five years’ experience, to 
perform design and development engineering in connec- 
tion with microwave systems Design necessary circuits, 
build and supervise constructions of breadloads and 
models. Perform testing. Salary, $6950-$7380 a year. 
(b) Electronic Engineer, B.S. in electrical engineering, 
some advanced studies in circuit design and about five 
years’ experience in development and design of electronic 
mechanical equipment, involving use of switching cir- 
cuits, servos, photocells, infra red and pertinent ampli- 
fiers. Salary, $6950-$7380 a year. (c) Electronic En- 
gineer, graduate, with two to six years’ meter wave 
electronic equipment. Salary, $6950-$7380 a year 
Company pays placement fees. Location, New York 
Metropolitan area. W2682 


ENGINEERS a) Design Engineer, electrical grad- 
uate, with at least three years’ design and manufacturin 

experience covering carbon, composition or wire coe 
resistors (b) Design Engineer, electrical graduate, with 


at least three years’ electronic experience in design of 


inductors, chokes, filters, magnetic amplifiers, trans- 
formers, or delay lines. (c) Electronic Engineer, elec- 
trical graduate, with at least two yeats’ circuitry, applica- 
tion and specifications experience covering radio tuners, 
coils or transformers. (d) Junior Engineer, electrical 
graduate, for design and development of magnetic 
devices. Salary: a, b, c, $6000-$7200 a vear; (d) 
$4500-$5400 a year. Mustbecitizen. Location, Texas. 
W2688-C2346 


(Continued on page 94A 


FEBRUARY 1956 





A General Motors 


Career Opportun 


in Electronics 


Engineers 


E.E., M.E., Chemists, Physicists, Metallurgists 


Here are some jobs available with General Motors 
leading electronics division, with exceptional perma- 
nent opportunities for advancement in research and 
engineering fields. 


Transistor application Tool design: machine, 
Vv die cast dies 

acuum tube and asso- 
ciated apparatus — ; 

Time and motion study 

Mechanism design 
Electronic engineers for 
field service instructors 
Test equipment design (car furnished —travel) 
and development 


Circuit design 


Recent graduates 
(1-year management 
training) 


Manufacturing process, 
mechanical engineers 

Manufacturing process, 
electronic engineers Technicians 


If you desire achievement and advancement in the old- 
est electronics division of General Motors, with 20 
years of pioneering behind it, you are invited to write 
at once. Give information on education, experience, 
military duty and personal data. Letters held in com- 
plete confidence. Relocation expenses paid to pleasant 
Indiana community with fine schools, excellent living 
conditions and many other advantages. Outstanding 
General Motors employe benefits are included. 


Address: Personnel Director, Department VV 


MOTORS DIVISION OF 











GENERAL MOTORS 


KOKOMO, INDIANA 





e Electrical Engineers 


e Physicists 


¢ Mathematicians 


LINCOLN 
LABORATORY 


SAGE (semi-automatic ground environment) 


AEW (air-borne early warning) 


WHIRLWIND COMPUTER 


SOLID STATE 


HEAVY RADARS 


MEMORY DEVICES 


SCATTER COMMUNICATIONS 


TRANSISTORIZED DIGITAL 
COMPUTERS 


If you are interested in participating 


in any of these programs address: 


Dr. M. G. Holloway, Director 
M.LT. Lincoln Laboratory 
Lexington 73, Mass. 








Personnel Service, Inc. 
(Continued from page 93A) 


MAINTENANCE SUPERINTENDENT, 30-45, Me- 
chanical or electrical degree or practical equivalent. 
Experience in all phases of maintenance supervision in an 
industrial plant. Knowledge and experience in planned 
reventive maintenance rather than trouble shooting 
ighly desirable. Must have sufficient practical back- 
ground to be able to instruct personnel in the mechanics 
of equipment and plant maintenance. Salary open. 
Location, Ohio. W2689. 


ELECTRICAL ENGINEERS, 28-40, B.S.E.E., with 
three to five years’ experience in the design and develop- 
ment of electronic components and circuits. Salary, 
$7000-$10,000 a year. Location, upstate New York 
W2696(a). 


SALES ENGINEER with comprehension of the concepts 
and applications of data systems, preferably with several 
years’ experience in Pulse Width Telemetry use or four 
years of telemetering or instrumentation experience in 
missiles, aircraft or similar field. Must be willing to 
travel up to 40% of the time, usually not in stretches 
longer than two weeks at a time. Headquarters, 
central New Jersey. W2697. 


ENGINEERS. (a) Senior R.F. Engineers with experi- 
ence in strength of VHF, UHF and microwave design 
engineering; five to seven years’ valid laboratory back- 
ground work. Will be responsible for design and de- 
velopment of new products; handle all administrative 
work connected with project work. (b) Design Engineer 
for product engineering, B S.E.E. or B.S.M.E., plus a 
minimum of three years’ experience in practical develop- 
ment and/or design of electronic equipments as related 
to product work in guided missiles, aircraft flight test 
instrumentation or allied fields. (c) Potentiometer 
Engineer with experience in electrical design and per- 
formance of potentiometers; qualified in setting up 
accurate noise measuring circuits at low levels, simulating 
an attached circuitry of customers. Will work with 
switch division (d) Senior R.H. Engineer with five 
years’ experience in electrical circuitry, specializing in 
VHF, UHF and microwave design engineering. Some 
background in high altitude propagation study desirable 
(e) Transistor Engineer, either senior electronics en- 
gineer or physicist, with five to ten years’ experience in 
electronic product design, preferably instrumentation, 
including a minimum of two to three years’ experience in 
transistor circuit work. Familiarity with MIL specifica- 
tions required. Salaries open. Location, central New 
Jersey. W2698 


DESIGN ENGINEERS. (a) Design Engineer, elec- 
trical graduate, with at least five years’ microwave and 
aircraft radar systems experience. Salary, $7500- 
$12,000 a year. (b) Circuit Engineer, electrical grad- 
uate, with pulse and digital experience in missile field. 
Salary, $6500-$8500 a year (c) Systems Engineer 
graduate in engineering or physics, with military infra- 
red and optical equipment experience. Salary, $7500 

$10,000 a year. Location, central New York State 
W2701. 


ELECTRICAL ENGINEER to act as assistant to en- 
gineer in charge of design and development of electrical 
components used in precipitators, do testing via high 
voltage electricity, write specifications, select and leasing 
of materials necessary for particular projects. Possi- 
bility of instructing plant personnel, and starting up 
operations of these units where it would be necessary to 
go into the field. Some traveling. Salary open 
Headquarters, New York, N.Y. W2704. 


ENGINEERS a) Sales Engineers, 24-36, electrical 
or mechanical, for motor and electronic control concern 
Advancement opportunities with growth company 
b) Engineers, electrical and mechanical, 24-36, for 
motor and electrical contro] concern; positions in manu- 
facturing, process, planning, electrical and mechanical 
motor design and application. All types of engineers 
needed Locations: (a) Limited travel; headquarters, 
Midwest; (b) Midwest. W2714 


RECENT ENGINEERING GRADUATE, to 30, to 
work for large electric power utility on layout of fire 
protection systems for generating stations, substations 
and office and service buildings. Experience desired but 
not essential. Apply by letter giving education, experi- 
ence and references. Some travel. Location, New 
York, N. Y. W2722 


ENGINEERS. (a) Senior Electronics Engineers to act 
as project engineers; B.S. or M.S. in electrical engineer- 
ing, with a minimum of four years’ design and develop- 
ment of electronic circuitry. Prefer background in 
radar, fire control, computers or nucleonics. Ability 
to direct work of junior engineers and technicians. (c) 
Physicist, M.S. or Ph.D. in physics, for research in nuclear- 
instrumentation, Prefer research background in nu- 
clear instrumentation; radar or computer experience 
satisfactory. Location, Massachusetts. .W2724. 


ENGINEERS, (a) Senior Sales Engineer, B.S. in 
electrical or mechanical engineering, for headquarters 
sales administration. Minimum of three years’ head- 
quarters or field sales engineering experience. Some 


(Continued on page 96A) 
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NEW 2-FOLD 


RETIREMENT INCOME PLAN 


for Aviation and Missile Engineers 


It’s natural that a long-time leader in aviation, like Republic— with many firsts to its credit — 
should be a leader, too, in providing for the welfare of its staff. Right in line with this forward- 
looking policy is the remarkable new Republic Retirement Income Plan. Here is how it works: 


PART 11s a basic Retirement Income plan paid for entirely by Republic Aviation. 


PART 2 is a cooperative effort. It is completely optional. But if an engineer 
wishes to increase his retirement fund, by making a small monthly payment, 
Republic will MORE THAN MATCH his contribution. 


Take the case of a hypothetical engineer who joins Republic on January 1st, 1956, averages 
$8,000 a year for 15 years; then retires aged 65. If he elected PART 2 of the plan, he will have 
a total monthly retirement income of $225.80, including his social security. For this he himself 
will contribute only $8.50 a month to the Republic Retirement Income Plan. 


Of course, the MORE YOU EARN, the HIGHER your Retirement Income will be. And 
Republic pays a top salary scale in the industry. 


.. RETIREMENT PLAN JUST ONE OF MANY PLUS FACTORS POINTING TO A REPUBLIC CAREER 


FIRST —there’s the interest and prestige of the Research and Development Program has 
working for a pioneer in aircraft design, cre- just been announced. 
ator of such famous planes as the F-84 Thun- 
derjet, the F-84F Thunderstreak, RF-84F 
Thunderflash and XF-84H. (Soon to be fol- 
to pen! ny tine by the now P-508, it easy to move to Republic. Other liberal bene- 
fits: Life, Accident and Health Insurance; 
SECOND —the company is expanding sharply, Hospital-Surgical Benefits for the whole fam- 
providing frequent opportunities for able men ily; educational aid covering %4 the cost of 
to advance. In fact a $12,000,000 increase in collegiate and graduate study. 


THIRD —an All-Expense Paid Relocation Plan 
for qualified engineers living outside the New 
York City and Long Island areas, which makes 


Serve your own best interests. Make full inquiries into the many advantages of joining 
Republic now, not the least of which is living on Long !sland—the Playground of the East. 


Important engineering positions are now open at all levels: 





STAFF ENGINEERING SYSTEMS ELECTRO-MECHANICAL STRESS 
DESIGN 


PRELIMINARY DESIGN MATHEMATICAL AIRCRAFT DESIGN 
ELECTRONICS ANALYSES FLIGHT TEST WEIGHTS 
WEAPONS SYSTEMS AERODYNAMICS RESEARCH —- 
PROPOSALS TECHNICAL WRITING THERMODYNAMICS yoo oem 


OPERATIONS RESEARCH DYNAMICS FLUTTER & VIBRATIONS Mechanical 


Please address complete resume 
outlining details of your technical background to: 


SEE FEES EAES AVIAN 


AIRCRAFT MISSILES 
Assistant Chief Engineer, Administration Mr. R. L. Bortner, Administrative Engineer, Mr. Robert R. Reissig 
Farmingdale, Long Island, N. Y. Hicksville, Long Island, N. Y. 
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the 
Martin 


Electronics 


Tree 


Today, its roots are feeding research and develop- 
ment activities on more than a dozen top-rated proj- 
ects, including 6 guided missile programs, 4 aircraft, 
a major air defense system, an earth satellite launch- 
ing vehicle and a variety of highly specialized weap- 
ons systems. 

Main branches of the Martin electronics tree include: 

SYSTEMS DESIGN for radar, guidance, communica- 
tion, navigation and reconnaissance systems. 

CIRCUIT DESIGN for tuners, receivers, digital com- 
puters, memory devices, advanced data processing 
equipment, and a wide range of special weapons systems 
components. 

THEORETICAL STUDIES for microwave compo- 
nents, antennas, radomes for missiles and high-speed air- 
craft, and many advanced design applications. 

Electronics engineering at Martin is second to none 
in the industry today, and our advanced programs 
are creating many important new opportunities. Con- 
tact J. M. Hollyday, Dept. EE-2, The Martin Com- 
pany, Baltimore 3, Maryland. 


GR aS 
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Personnel Service, Inc. 


(Continued from page 96A) 


travel. (b) Instrument Division Salesmen, degree in 
engineering or science, preferably electronic instruments 
Salary plus commission. Territories, New York, New 
England, Cleveland and Houston. (c) Senior Engineer, 
Physicist, preferably with M.S. or Ph.D. in physics, to 
act in area between basic and applied research. Interest 
in electronics and engineering. Strong theory back- 
ground. Location, a and c, Massachusetts. .W2725. 


SALES ENGINEER, electrical graduate, with experi- 
ence in selling electrical and electronic measuring equip- 
ment, for manufacturer of laboratory and industria! 
electronic and electrical measuring equipment. Loca- 
tion, Colorado. W2728C. 


COORDINATOR OR GENERAL MANAGER for 
electric power, public markets, slaughter houses and 
water supply. Salary, $8100 a year in American money 
lus a car and the services of a chauffeur. Location, 
Colombia, S. A F2747 





NOTE: Closing date for material to be 
set in the classified advertising column, as 
well as cancellations for running ads, must 
be received not later than the first of the 
month preceding issue; i.e., July first 


for August issue 











SALES ENGINEER, electrical or mechanical graduate, 
to 35, with at least seven years’ experience, five of which 
should have been in engineering and two in sales 
Knowledge of electronics desirable. Will be responsible 
for sales of transducers, gyroscopes, analog computers 
aircraft and guided missiles. Must have solid experience 
with servo-mechanisms, aircraft controls, fire control 
bombsights, telemetering, etc. 50% traveling and home 
week ends. Car desirable. Salary, $6500-$9000 plus 
expenses and incentive Employer will negotiate fee 
Headquarters, Chicago, Ill. ©4128. 


ELECTRONIC FIELD ENGINEER, degree in ele« 
trical engineering or electronics, 25—40, with a knowledge 
of digital techniques. Will service and maintain data 
accumulation and reduction systems for research labora- 
tories and facilities, instruct operators and working 
problems as they occur. Salary, $5200-$7020 a year, 
plus per diem. Employer will negotiate fee. Location 
throughout U.S. C4219. 


ENGINEER, electrical or mechanical, 25-35, with three 
years’ experience in wire and cable. Should know 
plastic extrusion. Will be responsible for technical 
direction of wire manufacturing department of medium 
size firm. Present operations consist of wire twisting 
thermoplastic insulating, braiding, etc Expansion 
into ya ialized field is under way and demands aggres- 
sive development work. Salary, $5500-$7200 a year 
Employer will negotiate fee. Location, Chicago until 
spring of 1956 then must relocate to central Kentucky 
C4235. 


DEPARTMENT MANAGER, Aircraft Production 
Laboratory, degree or equivalent, 35-45, with three 
years’ experience testing supervision. Duties will in- 
clude planning, initiating, directing and carrying out 
test programs; organize and administer testing labora- 
tory so it will function 24 hours a day, seven days a week, 
and plan budgets, facilities and reports. Company 
manufactures heaters Salary, $10,000 a year Em 
ployer will negotiate fee Location, Indiana. C4261 


CHIEF ELECTRO-MECHANICAL ENGINEER 
AND ELECTRO-MECHANICAL ENGINEER, to 40, 
electrical or mechanical graduate, with experience in the 
design of electro-mechanical components in manu- 
facturing company, products such as gyros, accelerom- 
eters, potentiometers, etc. Emphasis on electrical 
problems. Will design products for manufacturer; 
chief engineer will supervise five to six engineers 
Salaries: Chief Engineer, to $14,000; electro-mechanical 
engineer, to $9600 a year. Employer will possibly pay 
fee. Location, California. C4267. 


DESIGN, DEVELOPMENT AND PROJECT EN- 
GINEERS, ;-raduate electrical or mechanical, to 55; 
recent graduates or better, with knowledge of electronics, 
communications and/or mechanical products in com- 
munications field. Will design, develop, test, do draft- 
ing, analyzing or field work on relays, transistors, con- 
trol station telephone ovepaen and allied accessories 
Some traveling on some of these positions. Salary, to 
$9600 a year depending upon experience. Employer 
will pay fees. Location, Chicago, Ill. C4289. 
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electronic engineers: 


Westinghouse 


BALTIMORE DIVISIONS 


Offer Advanced Education 


For YOUR Professional Advancement! 


YOU CAN OBTAIN YOUR M.S. OR Ph.D. 
AT COMPANY EXPENSE! 


Advanced education will help to get you professional status you want... 
and at the Westinghouse Baltimore Divisions you can pursue both M.S. 
and Ph.D. work at company expense. 

Since its inception, almost 400 employes have obtained advanced 
degrees under the Westinghouse Graduate Study Program, which is 
affiliated with both the Johns Hopkins University and the University of 
Maryland in the Baltimore area. 

Naturally, you will find many other career benefits at the Baltimore 
Divisions, including interesting work in a professional atmosphere, 
excellent income and employe benefits, and ample housing in an ideal 
geographic location. 


CURRENT OPENINGS 
Exist in the fields of — 


CIRCUITRY PACKAGING 

MICROWAVES TRANSFORMERS 
SERVOMECHANISMS ANALOG COMPUTER DESIGN 
MAGNETIC AMPLIFIERS VIBRATION 

DIGITAL COMPUTER PROGRAMMING RADAR DESIGN 

FIRE CONTROL SYSTEMS FIELD SERVICE 





APPLY NOW! 
Your future may depend on it! 
Technical Director, Dept. 293 
Westinghouse Electric Corp. 
2519 Wilkens Avenue 
Baltimore 3, Maryland 











you can BE SURE...1¢ irs 


Westinghouse 
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TYPE RD 
DECADE 
REACTOR 


A New Tool For Your 
Electrical Laboratory 





TYPE| KVAR |_ MAXIMUM AMPERES 
ot 60 Cycle | 0.10 OHMS | 0-100 OHMS | 0-1000 OHMS _ 
10.0 =| Y: 1.0 
17.5 5.5 | 1.8 
| 2s od 71 | 23 
i at aie 





Provides a convenient means of setting up an 
adjustable reactive load. One of ten reactance steps 
may be selected by turning the rotary tap switch. 
Air gap type cores establish linear characteristics 
and eliminate stray fields. 


Write for Bulletin R-156 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEV1eDUT-Y ELECTRIC EXCLUSIVELY 
ORY TYPE TRANSFORMERS CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


A Circle 74 on the card VY Circle 75 on the card 


Just a minute— 


Please don’t get us wrong . 
c 


we like quantity business, too 


‘“T'd have 


asked you to quote on this order if I'd only real- 


Just the other day an engineer told us: 


ized you handled quantity production. But, some- 
how, I got the impression that you specialized in 
custom-built transformers in small quantities 


only.”’ 


‘““Whoa!’’ we shouted. *‘Sure we specialize in 
custom-built transformers, but we can make 'em 


custom-built in whatever quantity you need.” 


Maybe the fact that we do handle large quan- 
tities will help you. Why not write and ask for 
more information 


Just off the press! 16-page, illustrated brochure describing 
Caledonia’s services and facilities for custom designing 


and manufacturing transformers. 


CALEDONIA 


| ELECTRONICS AND TRANSFORMER CORPORATION | 








Dept. EE-2, Caledonia, N. Y. 
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Hathaway Instrument Co 
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ELECTRICAL ENGINEERING 





It Took Only About 10 Minutes 
to Pull a Simplex-Anhydrex 5KV Cable 
Through Six Floors of Conduit 


When transformers became too heavily overloaded in 
a Boston office building recently, it became necessary to 
install a circuit breaker, a unit substation, and a 5kv 
cable. 

The cable, Simplex Anhydrex X X-insulated, shielded, 
and neoprene-jacketed, was pulled in from the seventh 
floor unit substation to the circuit breaker on the ground 
floor. 

Negotiating four right-angle turns and approximately 
230 feet of steel and fiber conduit, the cable reached the 
circuit breaker room in about ten minutes. 

The cable came through the conduit so fast, the crew 
at the lower end were hard-pressed to keep the pulling 
rope from jamming. 

Simplex Lubricant No. 3 helped make this fast pulling 
job possible. 


Simplex Rubber Insulations 


for power cables (8kv to 25kv and 
over) — resists heat, oxidation and ozone — has low 
water absorption. 


for power cables (0 to 2kv), and con- 
trol, communication and signal cables — resists heat 
and oxidation — has low water absorption. 


Write the address below for more details about 
ANHYDREX. 


SIMPLEX WIRE & CABLE CO. 


79 SIDNEY STREET, CAMBRIDGE 39, MASSACHUSETTS 


breaker on first floor. Cable 


FEBRUARY 1956 For more information circle 76 on reader service card. 
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PERFORM 
HL ARLITEED 
Tape Wound bore 


(UST NO MORE - WHY TARE LESS ? 


You save, because there can be no waste with the 
industry’s only Performance-Guaranteed Tape 
Wound Cores. You also get the widest choice of 
standard sizes, and for a slight additional cost 
can specify your tape wound cores in the remark- 
able Aluminum Core Box* in any size. For com- 
plete details, why not write for your copy of 
Magnetics, Inc. Catalog TWC-100 today? 


MAGNETICS inc. 


MAGNETICS, INC., DEPT.EN-23, BUTLER, PA. 
*patent pending 


For more information circle 77 on r2ader service card. ELECTRICAL ENGINEERING 








Needed for PROGRESS / 
_ .»» Measuring Instruments 


of This Caliber 





The development of Polyex * coil insula- 
tion by the General Electric Company for 
large horsepower induction motors has 
been called the greatest advance in motor 
insulation over the last half century. This 
new synthetic insulation system increases 
motor life by 50%, has seven times the 
physical strength and more than twice the 
dielectric strength of previously used cotton 
and paper insulation. 


To learn the properties of the new Polyex 
insulation system, to determine exactly how 
it will perform under all possible electrical 
and environmental conditions, requires pre- 
cision measuring equipment . . . instruments 
of the caliber of the G-R Type 1610-A 
Capacitance Measuring Assembly. This is 
the equipment used by G. E. engineers in 

their investigations of the basic electrical 
a characteristics of new insulating materials. 
Photo Courtesy General Electric Company *Trademark Registration Applied for. 


Engineer of the General Electric Company uses the G-R Type 1610-A 
Capacitance Measuring Assembly to measure electrical characteristics 
of extraordinary new synthetic insulation system. 


In addition to its usefulness as an electrical development and test instrument, 
the Capacitance Measuring Assembly finds wide application in the dielectrics 
laboratory and chemical-research organization. The close relationship between 
capacitance and dissipation factor and the physical and chemical composition of 
a substance makes this precision apparatus very useful for investigations in count- 
less basic research problems. 
The CAPACITANCE MEASURING ASSEMBLY . . . permits the 
measurement of capacitance from as low as 0.1 uuf to 1150 wuf at any 
frequency over the range from 30 c to 100 kc; measurements to | uf are 
possible at 1 kc . . . the equipment is direct reading in dissipation factor 
from 0.00002 to 0.56. Basic direct-reading accuracy is +0.2% for capaci- 
tance and +0.0005 for dissipation factor; in substitution measurements, 
capacitance accuracy is +0.1% with correction chart supplied and 
+0.00005 for dissipation factor. 
Today, the General Electric Company and other leading electrical manufac- 
turers have available the precision instruments they need. These instruments are 
available in the broad line of quality measuring apparatus manufactured by the 
General Radio Company. The intensive and continuing program of engineering 
design and development, characteristic of the G-R method of operation over the 
years, assures a steady supply of the best in measurements equipment. 
Since 1915, this Company has pioneered in the design and Type 1610-A Capacitance Measuring Assembly . . . Complete and ready for 
“ag ° two or three-terminal measurements. . wae geet $1930.00 
manufacture of precision apparatus for the ever-changing needs Type 1610-A2 Capacitance Measuring Assembly . . . Without Guard Circuit, 
of science and industry. Modern-day G-R instruments put in sie Slane eee cannes Sept genee ;-siemee 
the hands of today’s research and development engineers the which permits the accurate determination of dielectric constant and dissipa 
finest tools of their trade. tion factor of solid insulating materials such as steatite, teflon, polyestyrene and 


mica . . . it conveniently attaches directly to the terminals of the Capacitance 


Measuring Assembly iki $435.00 
We Sell Direct. Prices shown are net, f.o.b. Cambridge or West Concord, Mass. 


ADMITTANCE METERS MODULATION METERS SIGNAL GENERATORS 


AMPLIFIERS MOTOR CONTROLS SOUND & VIBRATION METERS 
0 m pa n y COAXIAL ELEMENTS NULL DETECTORS STROBSCOPES 


DISTORTION METERS OSCHLATORS TV & BROADCAST MONITORS 


275 Massachusetts Avenue, Cambridge 39, Massachusetts Ma ensquency measuame — PARTS 8 ACESHONES ee 


APPARATUS POLARISCOPES UNIT INSTRUMENTS 


FREQUENCY STANDARDS PRECISION CAPACITORS VARIACS 


90 West Street NEW YORK 6 + 8055 13th St., Silver Spring, Md. WASHINGTON, D. C. 
1150 York Road, Abington, Pa. PHILADELPHIA 
920 S. Michigan Ave. CHICAGO 5S « 1000 N. Seward St. LOS ANGELES 38 


IAPEOANCE BRIDGES PULSE GENERATORS V-T VOLTMETERS 
UGHT METERS R-4-C DECADES WAVE ANALYZERS 
MEGCOW METERS RA-C STANDAROS WAVE PuTERS 
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specifically designed for critical industrial application 


RCA “Special Reds” ...warranteed for 10,000 hours minimum 
operating life ... are in a class by themselves for industrial applica- 
tion demanding the finest in tubes. 

Only RCA “Special Reds” feature 10,000-hour plus life, excep- 
tional resistance to shock and vibration, remarkable stability, and 
excellent uniformity of characteristics from tube to tube. 


RCA “Special Reds” are recommended for initial designs in elec- 
tronic equipment for industrial applications, air, marine, land-mobile 
communications, and unattended relay and transmission circuits— 
providing that important extra-margin of life and reliability vital 
for continuous service. 

For details and data, write, RCA, Commercial Engineering, Section 
B-16-R, Harrison, N. J. or contact your RCA Field Representative 
at the office nearest you. 


RCA-5690— 


RCA-5691— 


RCA-5692— 


RCA-5693— 


EAST: 


MIDWEST: 


WEST: 


Full-Wave Vacuum Rectifier with separate 
heaters and cathodes. 


High-Mu Twin Triode. Similar to RCA-6SL7- 
GT, but has twice the heater current. 
Medium-Mu Twin Triode. Similar to RCA- 
6SN7-GT. 


Sharp-Cutoff Pentode. Similar to RCA-6SJ7. 


HUmboldt 5-3900 
744 Broad Street, Newark 1, N. J. 


Whitehall 4-2900—(Suite 1181) 
Merchandise Mart Plaza, Chicago 54, Ill. 
RAymond 3-8361 

6355 East Washington Bivd., 

Los Angeles 22, Calif. 


MARRISON, MH. 4. 


&) RADIO CORPORATION of AMERICA 
TUBE DIVISION 
Cy, 





